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INTRODUCTION 
Nitrogen management has become increasingly important in recent years with 
regard to environmental quality. On land that is in permanent agriculture, crop 
rotations, proper tillage operations, prudent N use, and pest management 
strategies have received attention because they are practices that can be altered to 
reduce potential negative effects of modern agriculture on the environment. 
Legume crop rotations have been used because of the contribution of 
biologically fixed N, improvement in N efficiency, and reduction in the negative 
effects of monoculture. Achieving efficient N use from rotation may be 
characterized by N inputs that approximate the amounts required for near-
maximum yields, timing of application of N for maximum effectiveness to the 
current crop, providing soil cover to minimize N losses by erosion and leaching, 
and avoidance of crop sequences that may produce allelopathic effects (Kurtz et 
al., 1984). Additional benefits from crop rotation are improved soil physical 
properties, control of pests, and encouragement of diversity. It has been 
suggested that the benefits of rotation may be overcome by the addition of fertilizer 
N; however, recent data have demonstrated that additional N may not to be the 
sole answer. 
Fertilizer N is of particular concern because it is used in great quantity, and 
may occur in many forms in the soil, making it subject to losses by leaching, 
denitrification, immobilization, and ammonia volatilization (Bock, 1984). Minimizing 
the impact of these loss mechanisms may be accomplished by optimum use of the 
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crop's ability to compete with these processes for plant available N and by 
lowering the rate and duration of the loss processes themselves (Keeney, 1982). 
Fertilizer N efficiency is approximately 50 to 60% of the applied N, 20 to 30% of 
applied N is lost, and another 20 to 25% is incorporated into organic matter (Bock, 
1984). It has been speculated that N efficiency may approach 70 to 80% with 
proper N application timing and placement, thus reducing the fraction of plant-
available N introduced into the cropping systems that are either lost from the 
rooting zone or immobilized in soil organic matter. 
Since much of the applied soil N is in the ammonia form and subject to 
nitrification, leaching, and denitrification, it may be possible to increase the N use 
efficiency by maintaining a mixed soil N source and reduce the likelihood of these 
loss mechanisms. The introduction of nitrification inhibitors has greatly increased 
the potential for maintaining a mixed supply of soil N and reducing the potential 
negative effects of N losses, thus increasing potential N efficiency. 
Maize and many other plant species have been shown to benefit from a mixed 
source of soil-N (Below et al., 1991; Bock et al., 1991). The response of maize to 
mixed nutrition depends on factors such as variety, growth stage at which NH4+ is 
present in the soil, and the ratio of NH4-N to NO3-N in the soil. Increased yields 
associated with mixed N nutrition have been attributed to increased kernel number 
(decreased ovule abortion), increased kernel weight, and increased ear weight 
(Below et al., 1991; Christensen and Huffman, 1992; Maddux and Barber, 1991; 
Brandau and Below, 1992). Field hydroponic studies have demonstrated that 
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maize produced 12% more grain yield when grown In a 50:50 mixture of 
and NO3" compared to either form alone (Below et al.,1991). In addition to the 
effects on ears and kernels, it has been postulated that uptake of ions cost 
the plant less energy to produce dry matter. 
In these field experiments, the effects of K fertility, rate of N application, timing 
of application, and form of soil N were determined for growth, yield and yield 
components of maize grown in a soybean-corn (SB-C) or corn-corn (C-C) rotation. 
Split N treatments with various nitrapyrin rates were applied to maize with a point 
injection fertilizer application (PIFA) at various growth stages. Nitrapyrin was 
utilized to maintain a mixed supply of soil N. 
The objectives of these field experiments were: 
1) To determine the variation in growth, yield and yield components of maize 
grown in SB-C and C-C rotation caused by: 
a) rates of applied fertilizer N, 
b) various rates of K fertility, 
c) timing of fertilizer application, and 
d) form of soil N. 
2) To determine if a mixed soil N source may alleviate all or part of the inherent 
yield reduction caused by maize grown in C-C rotation compared to SB-C rotation. 
3) To determine if different hybrids grown in rotation respond similarly to mixed 
soil N sources. 
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UTERATURE REVIEW 
Interactions of form of N In the soil 
The form of N utilized by plants has long been argued. Most plant species 
exhibit a growth benefit by absorbing a combination of both NOg" and forms 
of N. Hageman (1984) lists several reasons why it has been difficult to resolve the 
effects of form of N. First, NO3" is an anion and remains mobile in the soil, and 
a cation, is immobile and can be fixed by clay particles. Second, the two 
forms of N have different companion ions in different fertilizer salts, suggesting the 
companion ion combined with the form of N may have an effect on soil pH. For 
example, (NH^)2S04 or NaNOg may cause the soil to become more acid or 
alkaline, respectively. Third, NH4+ has the tendency to acidify the area 
surrounding a root upon uptake whereas NO3" results in a more alkaline medium. 
Finally, the conversion of NH4+ to NO3" via nitrification results in acidification of the 
soil medium. Application of NHg gas causes the soil in the application zone to 
become alkaline, but nitrification of the NH4+ will begin acidification of the 
application zone. 
Losses of soil N 
Losses of applied and mineralized N occur by several means. These include 
leaching, denitrification, immobilization, and NHg volatilization. Leaching and 
denitrification are generally considered the most important (Bock, 1984). Bock 
(1984) lists general approaches to minimize the impact of leaching, denitrification, 
and immobilization: i) optimum use of the crops ability to compete with these 
processes for plant-available N, and ii) direct lowering of the rate and duration of 
the loss processes themselves. Two key elements of the first approach are 
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assuring that N inputs do not exceed crop assimilation capacity and applying N in 
phase with crop demand (Keeney, 1982). Additionally, the use of alternate sources 
of N and nitrification inhibitors to control or partially control the transformation of N 
to NOQ-N, thereby directly lowering leaching and denitrification losses (Bock, 
1984). Pratt (1979) summarized what seems to be the consensus concerning the 
potential lowering for N leaching losses. He stated that the potentially teachable N 
in soils, assuming proper timing and placement, should increase very little with 
increases in the amount of fertilizer N applied within the range of N rates where 
yields are increased with increased application rate. This is the result of increased 
uptake of available N as the N rate increases. However, when the point of 
maximum yield is exceeded, the potentially leachable NO3-N should increase as 
the N rate increases. 
Since the point of greatest economic return from N is usually somewhere below 
the point of maximum yield, it should be possible to adjust N rates for maximum 
return from N and minimum N loss to the environment. However, even with 
judicious N fertilizer management, N losses due to leaching and denitrification 
probably cannot be avoided completely (Bock, 1984). 
Site of N assimilation 
Nitrogen form has a role in the site of assimilation. In maize, roots reduced 
one-third of the NO3" whereas chlorophyllous tissue reduced approximately two-
thirds of the NO3" (Raghuveer, 1977). The assimilation of NO3* involves four 
enzymes including nitrate reductase, nitrite reductase, glutamine synthase, and 
glutamate synthase. The reductive process requires eight electrons, ATP, and 
alpha-ketoglutarate (Schrader, 1984). Micheal et al. (1970) indicated that young 
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plants absorb more readily than NO3", however as the plant ages the 
opposite was observed. The NO3' reduced in the root yields, amino acids, and 
proteins and may be transported to the shoot via the xylem. The NH4+ absorbed 
by the roots is converted by metabolic pathways in the root to amino acids, 
amides, ureides, and other organic N compounds (McClure and Israel, 1978). 
Hageman (1984) indicated maize has the ability to store large amounts of NO3" 
in the pith cells of the stalk. The NO3" entering the mesophyll cell of the leaves is 
partitioned between a readily available pool and a storage pool. The available pool 
is presumed to reside in the cytoplasm and the storage pool is presumed in the 
vacuole. Further, NO3" stored in the stalk and roots of maize may be remobilized 
during grain fill if a reduction of N uptake occurs in the roots. Hageman (1984) 
indicated that approximately 84% of the N found in grain was assimilated during 
earlier stages of development. 
N form and maize growth and development 
Below et al. (1991), using field hydroponics, demonstrated that mixed N 
nutrition can be utilized as either NO3" or NH4+ and alters physiological processes 
associated with plant growth and development. They found that grain yield of 
maize was 12% greater when grown on a 50:50 mixture of NO3" and NH4+ 
compared to 100% NO3". The increase in yield was attributed to an increase in the 
number of kernels per plant (Below and Gentry, 1987; Below et al., 1991, Maddux 
and Barber, 1991; and Tsai et al,, 1991). It was postulated that providing the 
mixed N at the time kernel number is determined may have been a factor in 
maximizing kernel set (Below and Gentry, 1989). Alexander et al. (1991) observed 
that yield differences were the result of greater kernel number and kernel weights 
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for enhanced-NH '^*' nutrition compared to only NOg" nutrition. They found that 
when an enhanced-NH^"^ supply was maintained in early development, seed 
number was 8.2% greater and seed weight was 4.4% greater. Brandau and Below 
(1992) observed that maize grain yield increases were the result of more filled 
kernels rather that heavier kernels and that N supply affected kernel number by 
decreasing kernel abortion. Czyzewivz and Below (1992) demonstrated that there 
was an obligatory requirement for N in order to maintain growth and development 
of maize kernels after pollination. Tsal et al. (1991) concluded that under low N 
conditions, seedling dry weight increased faster with a higher proportion in the 
form, whereas a greater proportion of NO3' was advantageous in enhancing 
growth under high N conditions. 
Root growth and development are influenced by mixed N nutrition. In a 
hydroponic study, Teyker and Hobbs (1992) obsen/ed that NO3" produced as 
much as 54% finer primary root systems with the growth advantage over 
being attributed to a restriction in root elongation due to pH effects. They 
concluded restricted elongation may be undesirable for roots obtaining much of 
their N as NH4+ because of rhizosphere acidification, and that the movement of 
NH4+ may be reduced relative to NO3'. 
In Illinois, Smiciklas (Departmental seminar, 1991) found that corn leaf tissue 
retained more chlorophyll with a mixed-N nutrition than solely with NOg" nutrition; 
however, increased chlorophyll content did not lead to greater canopy 
photosynthesis. This may suggest that plant energy levels were not limiting when 
plants were supplied with NH^+-N. Furthermore, Smiciklas (1991) obsen/ed an 
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increase in grain oil content, increased test weight, and increased biomass yield of 
corn grown on mixed-N. 
The form of N, either cation or anion, has been shown to have an effect on 
plant metabolism and ion content. Blair et al. (1970) observed no difference in dry 
matter production by corn seedlings grown for 14 or 28 d In a flowing medium that 
contained either 2 mM NO3" or 2 mM NH^^. The NH4+ grown plants 
accumulated more H2PO4" and SO^ '^ than NO3" grown plants. The decreased 
concentration of cations found in plants grown on NH4+ versus NO3" was 
considered to be due to the competition in the uptake process. 
Goyal and Huffaker (1984) examined the biochemical and physiological 
changes during toxicity. In their review they indicated photosynthesis was 
inhibited by NH4+ because NH4+ ions acted as an uncoupler of photo-
phosphorylation in isolated chloroplasts. It was shown that NH4+ concentrations 
as low as 0.6 mM inhibited ATP formation by more than 50%. Additionally, 
respiration was influenced by the presence of excessive NH4+ ions. In general, 
additions of tended to increase respiratory rates; NADH oxidation may be 
inhibited, resulting in the blocking of the respiratory electron transport pathway 
(Goyal and Huffaker, 1984). Schrader et al. (1972) observed that nitrate reductase 
activity tended to be higher when plants received a combination of NH4-N and 
NO3-N compared to either source alone. 
N content of maize In response to N form 
Nitrogen content of maize may differ with form of N. Touchton et al. (1979) 
observed a 15% increase in N content of the ear leaf when an enhanced 
ammonium supply was maintained. Additionally, they observed an 11% decrease 
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in grain N content with mixed N nutrition. Warren et ai. (1980) observed increased 
grain content with additional N; however, when nitrapyrin was added the data were 
mixed. Malzer and Randall (1985) found no significant differences in ear leaf N 
with enhanced ammonium nutrition. They observed that nitrapyrin applied with 
anhydrous ammonia tended to increase the grain N content. Smiciklas 
(Departmental seminar, 1991) reported no differences in grain N content with 
mixed-N nutrition. 
Touchton et al. (1979) indicated that nitrapyrin added to spring-applied N 
increased the total N concentration of the stover and grain by 13 and 17%, 
respectively. Conversely, addition of 134 kg N ha'^  with nitrapyrin caused a 7% 
reduction in grain protein, but increased N concentration of the ear leaf. 
Hendrickson et al. (1978b) found no differences in ear leaf N, grain N, or N uptake 
by grain with spring-applied anhydrous ammonia with and without nitrapyrin. Their 
explanation for lack of response was organic NHg fixation. 
Hagin et al. (1990) speculated that NOg" nutrition during the grain filling period, 
seemed to prevent the plant from reducing enough nitrate due to carbohydrate 
stress which may cause nitrate reductase to become a limiting factor in grain yield. 
Thus, mixed N nutrition could maintain a greater level of leaf N and extend the 
photosynthetic period. Goyal and Huffaker (1984) proposed that future genetic 
manipulation of species presently not well adapted to NH4+ nutrition, since 
improved capacity to assimilate NH^^, could be an important means of improving 
N fertilizer efficiency. 
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Effect of mixed N nutrition on grain yieid 
In a long term study Christensen and Huffman (1992) observed an increase in 
grain yield of corn with mixed N nutrition. Yield increased by as much as 17.2 kg 
ha'^  with the addition of nitrapyrin. The yield increase was attributed to an 
increase in ears per plot and an increase in ear weight. 
Olsen et al. (1991), using anhydrous ammonia, observed corn grain yield 
increases from 874 to 2688 kg ha"^ with treatments that increased the amount of 
available N in the NH4+ form. They contend that the use of a nitrification inhibitor 
resulted In an increased duration for the absorption of Results of Huffman 
(1989) and Gentry and Below (1992) confirm these observations. 
Anderson (1991) showed a positive response of grain yield of corn with the 
addition of nitrapyrin. Grain yield of corn following corn was 4% greater with 48 kg 
UAN ha"^ and 2.4 L nitrapyrin ha'l than without nitrapyrin. 
Maddux and Barber (1991) demonstrated greater dry matter yield when maize 
was fertilized at stage V6 with a mixed N source versus a source containing all 
NO3" or NH^"^. A similar response was observed when mixed N was applied at 
the VT stage. Further, it was observed that a split application of calcium nitrate, 
followed by urea at V6, produced 20% less dry matter yield than when calcium 
nitrate followed urea application. Grain yield followed similar trends. They implied 
these trends help substantiate that ammonium nutrition may be more important 
during early vegetative stages of development and even suggest that an all 
ammonium source plus a nitrification inhibitor applied at V6 may be detrimental to 
plant growth. 
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Using a spoke injector and applying UAN with or without a nitrification inhibitor 
at V6 resulted in significant yield differences (Maddux and Barber, 1991). Applying 
UAN with a nitrification inhibitor in the row produced 7% more grain yield than 
injecting 15 cm to the side of the row, and a 7.3% yield reduction when UAN was 
injected in the row without a nitrification inhibitor. 
Gentry and Below (1992) observed that maize plants supplied with mixed N at 
R2 produced the same grain yield as those supplied with mixed N continuously. 
Grain yield increased 6% when mixed N was supplied between VI4 and R2, 
whereas supplying mixed N until V7 did not enhance grain yield of maize 
compared to supplying continuous NO3". They concluded that although mixed N 
applied any time after early vegetative development increased grain yield, it 
appeared that NH4+ needs to be available for the entire period between V7 and 
R2. 
Frye et al. (1980) observed yield increases of corn grain as great as 52% in a 
five-year study. They demonstrated yield increases with ammonium nitrate and 
urea sources of N. Malzer and Randall (1985) observed little corn grain yield 
response when nitrapyrin was used with anhydrous ammonia and urea, but 
showed a 9% yield advantage when nitrapyrin was mixed with urea ammonium 
nitrate. They contend that the yield response to a nitrapyrin occurred at the 
highest N application rate. 
In Illinois, Smiciklas (Departmental seminar, 1991) observed a 6% maize grain 
yield increase with mixed-N. In his study the yield differences were contributed to 
increased kernel weight and test weight, and not to increased kernel number. 
Warren et al. (1980) indicated the addition of nitrapyrin to fall applied NHg 
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significantly increased maize yield. Tliey observed grain yields with 66 or 83 kg N 
ha'^  plus a nitrification inhibitor were comparable to those with 132 or 186 kg N 
ha'\ Touchton et al. (1979) observed a 27% increase in maize grain yield with 67 
kg N ha""" with nitrapyrin, but decreased maize grain yield with 134 kg N ha"^ with 
nitrapyrin. 
Stevenson and Baldwin (1969) compared relative efficiencies of fall and spring-
applied N at various rates of application. They found that fall-applied N efficiency 
was 0.3 on a sandy soil, and the efficiency on a clay-loam soil to be between 0.76 
and 0.87. Although there was much variation in N efficiency, they did not find a 
rate of fall-applied N that would give the same yield as an optimum rate of N 
applied in the spring. 
Fairchild et al. (1992) observed that grain yield of corn was consistently greater 
when fertilized with NHg compared to UAN. Additionally, they found that soil NOg' 
levels were greater at harvest when NHg was used instead of UAN. 
Interaction of maize genotype and mixed N nutrition 
Hybrids tend to respond differently to mixed N nutrition. Early hybrids showed 
the greatest increase in ovule number in response to mixed N, whereas later 
hybrids showed little response. For soil studies, the yield increase was only 5% for 
mixed N versus NO3", exclusively (Below et al., 1991). Although they 
demonstrated enhanced N accumulation, variables such as shoot dry weight and 
photosynthesis did not increase with mixed N nutrition. They concluded the 
enhanced reproductive development was the result of greater partitioning of 
assimilates to grain development. 
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Tsai et al. (1991) observed that many tolerant Inbreds had greater 
activity of the -assimilating enzymes. In the inbred LH38 the activity of the 
GOGAT enzyme was enhanced by as much as 83%, whereas B73 showed a 68% 
reduction in enzyme activity. A second detoxification mechanism described by 
Tsai et al. (1991) suggests active exclusion of NH4+ may prevent the accumulation 
of and reduce NH4+ toxicity. Additionally, seedling dry weight increased 
faster with a higher proportion of the N in the NH4+ form compared to the NO3" 
form and mixed N nutrition enhanced hybrid growth and produced more kernels. 
Olsen et al. (1991) implied that the growth-promoting effect of nutrition 
may be related to the conservation of the energy needed to reduce NO3". This 
may allow for diversion of conserved energy to other metabolic processes 
including ion uptake and growth. 
Tsai et al. (1978,1984, and 1991) suggested that the supply of reduced N to 
the ear during reproductive growth is important in the establishment and 
maintenance of a viable sink. Consequently, a balance between N in the 
vegetative plant parts and the N supply in the developing sink must be achieved 
for maximum productivity. 
Teyker (1991) suggested the uptake of both NO3" and appears to be 
regulated by the status of tissues. In plants with high N status, NO3' efflux was 
significant relative to influx. As root status declined with time of N deprivation, the 
efflux fell to low levels. Similar findings were observed by IVIorgan and Jackson 
(1988a; 1988b) using NH4+. 
Further, Teyker (1991) obsen/ed greater shoot dry weights and lower shoot N 
concentrations for plants grown on NH4+ than NO3". Teyker and Hobbs (1992) 
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observed that NH '^^ '-grown plants produced 2.3 times the dry matter and had 
greater concentrations of N in both stems (18.5%) and leaves (27.5%) compared to 
NO3" grown plants. Apparent root thickness was 15% greater on NH4+ grown 
plants. They speculated that under slightly alkaline pH conditions, an enhanced 
NH4+ regime may be advantageous for growth of com. 
Scherer and Mackown (1987) indicated that uptake of NH4+ was not 
influenced by the uptake of NO3", whereas Mackown et al. (1982) demonstrated a 
reduction in NO3" uptake when NH4+ was present because of inhibiting effect of 
NH4+ on NO3' reduction. Scherer and Mackown (1987) speculated that or 
the high hydrogen concentration in the growth medium may have caused the 
uptake of NH4+ to modify the permeability of the membranes for NO3". 
Effect of nitrogen form on organic acids and carbohydrates 
Supplying plants with high levels of NO3" tends to increase their organic acid 
levels. In contrast, plants supplied with high levels of tend to show a 
depletion of both organic acids and starch (McKee, 1962). Kirkby (1968) found 
that NH4+ grown plants had approximately 30% more reducing sugars than NO3" 
plants. These findings suggest that plants supplied with high levels of NH4+ have 
low levels of organic acid and starch reserves. Consequently, growth and yield of 
NH4+ plants should be more dependent upon factors affecting the constant 
supply of photosynthate. 
Schrader et al. (1972) obsen/ed increased vegetative growth of solution-grown 
maize in the presence of mixed N nutrition. Mills and McElhannon (1982) indicated 
solution-grown sweet corn exhibited a greater affinity for NH4+ than NO3" during 
ear development. Additionally, it may be the continued input of N into the plant 
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that is responsible for tlie maintenance of leaf duration and continued 
photosynthetic activity witli the availability of current photosynthate and reduced N 
ensuring a longer duration of grain fill. 
Novoa and Loomis (1981) predicted that the use of photosynthate for NO3* 
assimilation may account for a potential decrease in dry matter accumulation of 4.3 
kg for each kg of NO3' N assimilated. 
From this prediction, Alexander et al. (1991) concluded that increases in corn 
grain yield cannot be explained solely on the basis of differential energy cost of 
assimilation. They further speculated that if the vascular stream was adequate to 
meet the demand of the sink, reduced N could have been from the degradation of 
RuBPcase in the leaves, damaging the photosynthetic capacity of the leaves. 
Nitrogen toxicity 
Ammonium may cause toxicity in plant tissue. Barker et al. (1966) indicated 
aqueous NHg to be the toxic component of aqueous ammoniacal-N. Vines and 
Wedding (1960) found that equal concentrations of NHg gas and undissociated 
NHg were equally effective in inhibiting barley root respiration. Matsumata (1968) 
found cucumber leaves from plants grown on toxic concentrations of NH4+ salts 
had 1/1500th the concentration of NHg necessary to inhibit barley root respiration 
by 60%. These observations indicate either that NHg is toxic at extremely low 
concentrations or that NH4+ also contributes to the toxicity. Bock (1987) 
suggested that NH^"*" toxicity may be reduced because a sufficiently large fraction 
of the NH4+ was probably maintained on the cation exchange sites, thus reducing 
the likelihood of toxicity. Baker and Bradfield (1963) showed that the tolerance of 
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maize to is due to a large capacity for detoxification and storage of in 
the soluble N pool. 
Nitrate seldom results in toxicity but can occur from excessive application of 
fertilizer (Gauch, 1972). Hageman (1984) cites four major advantages to NOg" 
nutrition over NH4+ nutrition. First, NOg' can be stored in various organs without 
apparent damage. Second, NOg" assimilation is coordinated with and regulated 
by carbon metabolism. Third, the initiation of NOg' assimilation is catalyzed by the 
enzyme nitrate reductase. Fourth, in leaves NOg" is assimilated slowly in the dark. 
These various mechanisms insure that NH^  ^will not be produced from NOg" when 
the plant is deficient in carbohydrate skeletons or has minimal requirement for N. 
Arnon (1937) suggested the absorption of NOg" during later growth was, in 
addition to supplying N, serving as an oxidizing agent which can be beneficial to 
growth-related metabolism. From this it was concluded that either form, NH^"^ or 
NOg", can serve as an adequate source of N; however, NOg" salts were 
considered the "safer" of the two forms. 
Bock (1987) indicated that plants can probably tolerate higher external levels of 
NH '^*' in soil than in solution culture because roots may avoid zones of high NH4+ 
concentration and because the soil buffers pH changes near the root. Additionally, 
much of the NH4+ in the soil is held in exchangeable form which restricts rates of 
NH4+ uptake. 
Haynes (1990) indicated continued growth with an enhanced ammonium 
supply may deplete the organic acid levels in these tissues and possibly lead to N 
deficiency. Dahlbender and Strack (1986) suggested an increase in malic acid 
may promote the assimilation of NH^"**. Additionally, deposition of malate into the 
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xylem may serve as a counter-balancing charge for the translocation of cations 
and as a pH buffer. 
Interaction of potassium and mixed N nutrition 
Malzer and Randall (1991) observed decreased grain yield of maize with 
increasing K"^ fertilization at low rates of applied N. Use of a nitrification inhibitor to 
enhance ammonium nutrition resulted in substantial yield increases at the low N 
and high K. Further, it was suggested that the relative availability of NH4+ and K"^ 
may also influence the rate of N uptake by a given hybrid. Since certain hybrids 
accumulate N prior to VT and others after VT, hybrids absorbing after VT 
may be more sensitive to NH4+ nutrition. 
Dibb and Welch (1976) observed yield of maize plants was not negatively 
affected by form of N absorbed when the meq ratio of N:K was 2:1 ; however, 
visual tissue damage and decreased yield were symptomatic of NH4+ nutrition 
when meq N:K ratios were 3.3:1, 4:1, 4.4:1, 6.6:1, and 8:1. They contended that 
K+ is an important balancing ion for uptake. Errebhi and Wilcox (1990) 
observed greater K+ composition of corn shoot dry weights when the NH^:N03 
was 1:10 or 2:9 compared to 1:1. 
Rufty et al. (1981) observed that the presence of K"^ resulted in small increases 
in NO3" uptake, but appreciably stimulated NO3' translocation out of the roots. 
There was an 11 to 34% increase in NO3' translocation during the duration of the 
experiment. The ratio of NO3" to K"*" in the xylem fluid ranged from 1.6 to 1.7 
suggesting there was slightly more NO3" than K"*" in the xylem sap. 
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Potassium as a counter Ion 
Potassium may have an important role in the utilization and transport of NO3" 
to the upper part of the plant, having been identified as a counter ion for the 
transport of NO3" and malate. Ben-Zioni et al. (1971) proposed a cycle in which 
transports NO3" in the xylem to the upper part of the plant and then cycled to 
the roots via the phloem where it serves as a counter ion for the transport of 
organic acids. They suggest that in the roots, malate is decarboxylated and 
results in HCO3" being released into the soil in exchange for N03". Mengel and 
Haeder (1977) measured the effect of high and low K fertility levels on the 
concentrations of several solutes in the exudation sap. At the highest K+ fertility 
level, K, sucrose, and malate were greater than at the low K+ fertility level. 
Kirkby et al. (1981) observed that organic acids accounted for the greatest 
amount of charge from NO3" accumulation at 4.0 mM (high) K"*", whereas at 0 
(low) one third of the charge from the assimilation of NO3' was directed 
toward HCO3" excretion from the roots. Additionally, in the high treatment the 
N to K ratio was almost equal, but at the low level of nutrition the N uptake was 
about seven times greater that of K. 
Effectiveness of nitrapyrin for maintaining soil 
Chancy and Kamprath (1982) concluded that the addition of nitrapyrin 
significantly increased the NH4+ in the 0-15 cm soil depth. In the upper 15-cm of 
soil they observed 8 kg ha'^  NH4+ without nitrapyrin and 17 kg ha'"" with 
nitrapyrin. Nitrate levels at the same depth were greater without nitrapyrin which 
indicates nitrification of the NH4+. At 15- to 45-cm depth in the profile, NH4+ and 
NO3" concentrations were nearly doubled, but mirrored the treatment effect in the 
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upper 15-cm. Since NO3' levels were less at greater depths in the profile, they 
suggested effective suppression of nitrification. 
Lewis and Stefanson (1975) observed that nitrapyrin was effective in controlling 
NOg' production in meadows. Their data indicated that a 5% nitrapyrin solution 
reduced NOg" production by as much as 55%, while decreased was 
observed with or without nitrapyrin. They concluded this effect was from 
nitrification of the soil 
Touchton et al. (1979) indicated nitrapyrin was effective in decreasing 
nitrification rate of spring-applied N. They recovered 12% more from the top 
15-cm of the soil in early June with the use of nitrapyrin than without nitrapyrin. In 
early March, they recovered 18% of the applied NH '^^ -N and NO3-N without 
nitrapyrin and 54% with the use of nitrapyrin. 
Hendrickson et al. (1978a) showed that nitrapyrin provided excellent control of 
nitrification. Using fall-applied anhydrous ammonia, they observed more than 50% 
of applied N was still in the NH4+ form, whereas 80% of the band was nitrified 
when nitrapyrin was not used. 
Henrickson et al. (1978b) observed that nitrapyrin applied to various solid 
forms of N could delay nitrification. In their study they determined nitrification was 
completely inhibited by nitrapyrin for 15 days, and partial control was maintained 
for at least 49 days after treatment. Additionally, they contended much better 
relative control of nitrification occurred with NH4+ applied at planting. Days to 
deplete 34 kg ha'^  applied soil NH4+ to 50% was approximately 16 without 
nitrapyrin and 28 days with nitrapyrin. Time to deplete to 25% of applied N was 22 
and 34 days with and without nitrapyrin, respectively (Hendrickson et al., 1978b). 
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Conversely, 112 kg ha'^  applied N tended to be depleted similarly to 34 kg N in 
the absence of nitrapyrin, whereas 112 kg N ha""' applied N was depleted earlier 
with nitrapyrin. 
In a pot study, Camberato and Bock (1990) observed decreasing 
concentration with time. They found that during the course of the study, the 
addition of nitrapyrin to a 100% NH4+ solution maintained the greatest NH4+ 
concentration compared to a 50:50 solution of NH4+ and NO3". 
Frye et al. (1980) suggested the amount of NOg" and NH4+ in soils treated 
with nitrapyrin will eventually reach the levels on non-treated soil, but it is during 
this time that the benefits of nitrapyrin are realized. Their data indicated that after 7 
weeks, application of 180 kg N ha'l with nitrapyrin had 26% more NH^+ and NOg" 
than without nitrapyrin. 
Hendrickson et al. (1978b) observed a positive effect of nitrapyrin on the 
NH^+iNOg" ratio during the early growing season. In an experiment with 84 kg N 
ha"'' the NH^+iNOg" ratio was 1.7 without nitrapyrin and 2.4 with nitrapyrin. 
Extremely high N rates provided NH^ i^NOg' ratios of 12 to 36 with the addition of 
nitrapyrin. 
In Iowa, Anderson (1991) observed a positive response to nitrapyrin. Injection 
of a nitrapyrin (0.6 L) and DAN (96 kg N ha'^ ) retained 100% more soil 
compared to the same rate of UAN without nitrapyrin 4 weeks after treatment. 
Eight weeks after treatment, levels of soil NH4+ were similar among nitrapyrin and 
non-nitrapyrin treatments. 
Maddux and Barber (1991) observed NH '^^ 'iNOg' ratios in excess of 1:1 at 
tasseling in the top 30 cm of soil with the application of ammoniacal fertilizers. 
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Nitrification caused by reduced nitrapyrin activity allowed NO3' accumulation in the 
soil profile which lowered the ratio. Bock (1987) observed, in solution 
culture, that cereal grain yield increased 19 to 47% with basal NO3', urea, and 
nitrapyrin than with NO3" alone. He suggested that NH^+iNOg" required to 
maximize yields were higher than typically obsen/ed under field conditions, but 
concluded that increased cereal grain yields may be possible in the field by 
maintaining moderate increases in NH^+iNOg" ratios. 
Mode of action of nitrapyrin 
Many chemicals have been identified that are capable of inhibiting the 
conversion of NH4+ to NO3'. Nitrapyrin inhibits the cytochrome oxidase system 
involved in ammonia oxidation by the chemoautotrophic bacteria Nitrosomonas sp. 
(Hauck, 1980). Current evidence indicates that nitrapyrin acts as a 
copper-chelating agent on the cytochrome oxidase component involved in 
ammonia oxidation. Nitrosomonas sp. are quite sensitive to nitrapyrin, since 
inhibition of the cytochrome oxidase system has been shown to be 65 to 70% with 
a nitrapyrin concentration of 1.5 ppm (Hauck, 1980). 
Nitrification occurs by the following simplified reaction; 
Nitrosomonas sp. Nitrobacter sp. 
NH3 < > NH4+ > NOg" > NOg-
Nitrapyrin 
The actual conversion of ammonium-N to nitrate-N in soil probably occurs 
through the following sequence: ammonium —> hydroxylamine —> (nitroxyl)?? 
—> (nitrohydroxylamine)?? —> nitrite —> nitrate (Hauck, 1980). The overall 
reaction involves the net transfer of eight electrons and is energy producing. 
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Effect of crop rotation on grain yieid of maize 
Voss and Shrader (1984) suggested the rotational effect due to soybeans was 
equivalent to an estimated 16.7 kg N per Mg of grain produced ha"^ to the 
following corn crop. Reduced corn yields have been associated with changes in 
physical status of the soil, crop diseases, and phytotoxic substances. However, 
another possibility was inadequate corn rootworm control in continuous corn plots, 
even though corn rootworm controlling insecticides were applied. 
Fyson and Oaks (1990) observed that fungi, and not bacteria, were involved in 
the growth promotion of maize. Their results suggest vesicular arbuscular 
mycorrhizae (VAM) fungi play an important role in the growth response of maize 
but do not rule out the possibility that other fungal species may be involved. It was 
possible in these experiments that VAM increased the ability of the plants to extract 
P from the soil and that VAM improved P nutrition and growth. 
Yakle and Cruse (1984) reported that inactivation of toxic substances occurred 
in the soil even under environmental conditions reported to be most favorable for 
phytotoxin production in decomposing plant residues and with higher residue 
concentrations than those used in other studies that reported more persistent 
residue toxicity. Extracts of corn residue incubated without soil resulted in 39% as 
much root growth as did the check treatment. Incubation of the residue with soil 
reduced the inhibitory effects of the extract, as did filtration of the corn residue 
extracts through the sterilized soil columns. These results showed that phytotoxins 
extracted from corn residues incubated with soil were inactivated in the soil by 
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microbial breakdown. It was possible, however, that the soil + residue extractions 
in their study were made during periods of low phytotoxin production. 
Crookston et al. (1991) indicated there are numerous reports of the beneficial 
effects of rotating corn and/or soybean. They suggest that when all production 
variables appeared to be optimum, corn and soybean still exhibited a rotation 
effect. First year of either crop gave the highest yields, extended monoculture 
resulted in reduced yields, and an annual alternation of the two crops resulted in 
yields that were significantly higher than monoculture, but significantly lower than 
first-year cropping. Although the yields of both crops dropped to a somewhat 
stable level under monoculture, they did so quite differently. Corn yields dropped 
sharply upon entering the monoculture sequence, and then recovered to the stable 
level; soybean yields dropped gradually to the stable level and remained there. 
Yield of first-year corn was better than monoculture by as much as 36% or by as 
little as 5%. On the average, an annual rotation of corn and soybean resulted in 
corn yields that were 10% better than monoculture. Superior cropping sequence 
would include at least three and possibly more crops. Such an arrangement 
would allow all crops to appear in a first-year position, resulting in a 15 to 17% 
better yield than in a monoculture (Crookston et al., 1991). Crookston and Kurle 
(1989) concluded that the corn-soybean rotation effect as reported by others, and 
confirmed in this study, was not due to the effects of above-ground residue when 
the residue was incorporated by tillage and allowed to overwinter in the soil. 
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Crookston et al. (1988) concluded that the rotation effect is not due to some 
lingering positive effect of the previous crop. An alternative crop apparently serves 
to relieve the negative effect of continuous cropping, and does not make any 
positive, growth-regulatory contribution to the yield of a following crop. They 
hypothesized that the rotation effect was due to a combination of factors, including 
long-recognized benefits of changes in soil nutrient or physical status, levels of 
pests; any of which may or may not be significant in a given environment or 
cropping sequence. Crookston et al. (1988) suggested it is easier to exploit the 
rotation effect than to explain it. 
Baldock et al. (1981) indicated most of the differences between continuous and 
rotational corn yields were offset by N application; however, not all effects of 
legumes could be duplicated with N application. This additional effect, not 
accounted for by additional N, may have been reduced disease infestation, 
improved soil physical properties, elimination of phytotoxic substances in corn 
residue, and/or added growth promoting substances in legume residues. Yield for 
maize following alfalfa was 15% greater than continuous maize, and yield of maize 
following soybean was 11% greater than continuous maize. These data indicate at 
least a 10% reduction in yield occurs when maize was grown continuously. Binford 
and Blackmer (1989) observed a 10% yield advantage for corn following soybean 
compared to corn following corn even when N was not limiting. 
Edwards et al. (1988) observed that corn yield was increased by 12% when in 
rotation with soybean. Dick and Van Doren (1985) concluded that yield reductions 
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of corn associated with tillage methods may be reduced by crop rotation; yield 
reductions were associated with increased disease activity with less tillage. 
Shrader et al. (1966) reported that corn yield was reduced 8% with 130 kg ha""" 
additional N when grown in continuous corn than first-year corn following soybean. 
With 67 kg ha"^ applied N, yield for continuous corn was 22% less than first-year 
corn following soybean. It was concluded that N was used more efficiently when 
rotated with soybean than when grown In continuous corn. 
Peterson and Varvel {1989b) reported corn following a legume produced 
maximum grain yield with the addition of 90 kg N ha'\ while continuous corn 
required at least an additional 180 kg N ha"^ for maximum yield. In 3 of 4 yr, corn 
following soybean in a 4-yr rotation produced more grain than other rotations. 
Grain yield of corn following corn increased linearly with applied N at the lower 
levels of N fertilizer; the N response of corn following corn was greater than the 
response of corn to N in rotation. It was speculated that the rotation may have 
given better soil physical properties or greater N-mineralization potential. Grain 
moisture for corn following corn was greater than following a legume, and 
continuous corn produced smaller seeds than in a rotation. 
Nafziger et al. (1984) concluded that corn responded less to N when grown 
after leguminous crops than when grown after a grain crop or fallow. They 
indicated the rotation effect was not attributable to N: maximum predicted yields for 
corn following corn, soybeans, alfalfa, and fallow were 10.3, 10.4, 10.6, 10.7, and 
10.16 Mg ha'\ respectively. In their study, they indicated increased N could 
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overcome most of the effect of previous crop. El-Hout and Blackmer (1989) 
indicated that rates of N required to attain a given yield of corn was less for corn 
following soybean than for corn following corn. 
Shrader and Voss (1980) indicated the cause of lower maximum yields with 
continuous corn compared to rotation corn is not known. Lower yields under 
continuous corn may be due to insects such as corn rootworms, or to unidentified 
disease problems, or to increased soil compaction under continuous corn. 
Stevenson (1986) reported only 11 to 17% of the biologically fixed N was taken 
up by wheat, with most of the remainder being recovered in the organic phase of 
the soil. The conclusion was reached that the value of legumes as a source of N 
was due not so much to their capacity to provide relatively large amounts of 
immediately available N as to long-term effects whereby soil organic N levels were 
maintained or increased, thereby insuring an adequate supply of N by slow 
decomposition of the stable organic N. The positive rotation effect of soybean 
may be attributed to carry-over of fixed N for succeeding crops (El-Hout and 
Blackmer, 1989). 
Furthermore, Stevenson (1986) observed that from 10 to 40% of the fertilizer N 
applied to the soil remains behind in organic forms after the first growing season. 
Not more than 15% of this residual N is available to plants during the second 
growing season, and availability decreases even further for succeeding crops. 
Additionally, biological N turnover through mineralization-immobilization leads to the 
interchange of inorganic forms of N with the organic N. A decrease in mineral 
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levels with time indicates net Immobilization; an increase suggests net 
mineralization. Mineralization and immobilization occur simultaneously in the soil, 
and the amounts of mineral N (NH4'*' and NOg") found at any one time represent 
the difference in the magnitude of the two opposing processes. Net gains in 
mineral N have been shown when the C:N ratio of added organic matter is less 
than 20, whereas there is neither a net gain or loss with a C/N ratio of 20-30. and a 
net uptake of mineral N if the C:N ratio exceeds 30 (Stevenson, 1986). 
Allison and Klein (1961) reported that maximum immobilization of N by 
microorganisms decomposing wheat straw occurred in 20 days and averaged 
1.7% of the original straw, which corresponds to a C:N ratio of 25:1. Nitrogen 
immobilization paralleled closely to the rate of COg evolution. Immediately 
following maximum N tie-up, mineralization became dominant and N release 
occurred. 
Larson et al. (1972) estimated the amount of N Immobilized in the 0- to 15-cm 
layer of soil to be 71 kg ha"^ yr'\ which is the net difference between that 
mineralized from organic matter and that immobilized. They found that NH^"^ 
production increased in proportion to the amount of residue applied in both alfalfa 
and corn treatments, with alfalfa being the highest in all instances. This suggested 
that added N from the large residue addition was more readily ammoniafied than 
the N in the original organic matter. 
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Summary 
Hydroponic studies have demonstrated a positive response of mixed-N 
nutrition versus NO3-N or NH4-N solely. Demonstrating the positive response 
under field conditions has been difficult due to the forms of N that can occur within 
the soil and processes such as nitrification, denitrification, ammonium fixation, and 
leaching. Nitrification inhibitors are available which delay the conversion of NH4-N 
to NO3-N. 
Current data suggest that the grain yield advantage for maize from NH^"^ may 
be because of greater kernel number due to less kernel abortion and kernel mass; 
however, others attribute the yield advantage to more ears planr\ Data also 
suggest that growth and yield from the part of the N may be more 
dependent of factors affecting photosynthate supply. 
The rotation effect has been exploited but never understood. It may be that 
corn following soybean experiences an early dose of soil NH4+ from readily 
mineralizable organic matter with a low C:N ratio, whereas corn following corn may 
not have an available concentration of soil It has been demonstrated that 
corn utilizes during seedling growth if it is available which seems to promote 
growth. This effect may allow the rotation effect to be partially overcome by mixed-
N nutrition. Other data indicate the rotation effect is the result of soil physical 
factors, allelopathy, diseases, and insects. Based on the complexity of the issue of 
the rotation effect, it may be useful to use the advice of Crookston et al. (1988) and 
exploit the rotation effect rather than explain it. 
MATERIALS AND METHODS 
Three experiments were conducted using corn {Zea mays L.) as the test crop 
either following a previous crop of corn or soybean [Glycine max (L.) Merr.]. 
Experiment I 
The research area utilized for Experiment I was located on the Burkey farm 
near the Iowa State University Agronomy and Agricultural Engineering Research 
Center in Boone County, lA. The soil type was a Nicollet (Aquic Hapludoll)-
Webster (Typic Haplaquolls) complex. 
Experimental site 
The field site was originally established in 1981 with P and K treatments. For 
the 1991 growing season the field site was designated for a) soybean-corn (SB-C) 
and b) corn-corn (C-C) rotation sequences and in 1992 the area for (C-C) was 
used. The field site contained three K fertility levels. Exchangeable K was 178.1, 
415.1, and 726.4 kg K+ ha'^  for low, medium, and high fertility levels, respectively. 
Site preparation 
In the fall of 1990 and the spring of 1992 the plot area was chisel plowed. In 
1992 only the corn area was used. Two passes were made with a field cultivator in 
the spring of 1991 and 1992. The first pass was to level the seed bed and 
incorporate broadcast applied 46% urea granules, and the second pass was to 
incorporate preplant herbicides. Prior to planting the plot area received 224 kg N 
ha'"" urea where the previous crop was corn, and 170 kg N ha'^  following soybean. 
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Alachlor [2-chloro-2'-6'-diethyl-N-(methoxymethyl)acetanilide] in a tankmix witli 
cyanazlne [2((4-chloro-6-(thylamino)-s-triazin-2-yl) amino)-2-methyl propoinitrile] 
was applied at the rate of 3.2 and 4.0 kg ai ha'\ respectively. 
Pioneer 3379 (P3379), a late mid-season hybrid selected for yield potential, was 
planted on 10 May 1991, and on 1 May 1992 to a depth of 3.8-cm in 76-cm row 
spacings at 69,000 plants ha'\ Chloropyrifos [0,0-diethyl 0(3,5,6-trichloro-2-
pyridyl)phosphorothioate] was applied at planting in a 17.5-cm T-band at 9.8 kg ai 
ha""" for corn rootworm (Diabrotica spp.) control. 
Experimental design 
The experimental design was a variant of a split-plot factorial design with three 
replications on each previous crop. Each replication was divided into nine 
main-plots of three stages of application. Stages of application were divided 
vertically into 27 sub-plots accommodating the three K fertility levels. The sub-plots 
were divided horizontally to accommodate the 54 sub-subplots of two rates of 28% 
urea ammonium nitrate (UAN). UAN sub-subplots were divided vertically into 216 
sub-sub-subplots of 4 rates of nitrapyrin. 
Replications measured 2044.3 m^ (82.1 x 24.9 m) with an alley measuring 
98.5 m^ (82.1 x 1.2 m) in area between each replication. Stage of treatment 
application plots measured 682.3 m^ (27.4 x 24.9 m); UAN plots measured 76.0 m^ 
(6.1 X 12.5 m); and nitrapyrin plots measured 19 m^ (1.5 x 12.5 m) in area. 
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Treatment criterion 
The stage of application was either the 4-, 6- or 8-leaf stage of vegetative 
growth. Treatments were completed on 6, 11, and 18 June 1991 and 4,10, and 
19 June 1992 for V4, V6, and V8, respectively. Vegetative stages were reached 
when the uppermost leaf collar for a respective growth stage was visible (Special 
Report No. 48, ISU Coop. Ext. Serv.), The two rates of UAN were 45 and 90 kg 
ha'\ The UAN was composed of 75% NH^-N and 25% NO3-N in a 28% N 
solution. The four rates of N-Serve 24E or nitrapyrin [2-chloro-6(trichloromethyl-
pyridine] (NI) were 0, 0.9,1.8, and 3.6 L ha"^ (0, 0.2, 0.4, and 0.8 kg ai ha'^ ). In 
both years the UAN and nitrapyrin solutions were applied in a factorial combination 
with a point injector fertilizer applicator (PIFA) at 262 L ha"^ to a depth of 15-cm at 
each vegetative stage of corn development. The PIFA has two application wheels 
that run between two rows of corn 10-cm away from either row at a spacing of 56-
cm between injection wheels. Immediately after treatment several point injection 
holes were permanently marked with 10-cm pot stakes for subsequent soil 
sampling. 
Soil samples 
Two-cm soil cores were collected from three replications, as a repeated 
measure, to a depth of 25.4 cm from the soil surface on 2-, 4-, and 8-weeks post 
application treatments in 1991 for V4 and V8 stages of treatment, and 2- and 8-
weeks post application in 1992 for stage V4. Soil samples were collected on 2 
June, 5 July, and 2 August 1991 and 6 June, and 8 August 1992. The soil probe 
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was inserted into the spoke injection area wfiich was permanently marked. Three 
probes were taken from each plot and combined to form a composite sample. 
The combined soil sample was frozen and stored until analysis. 
Each soil sample was thawed and analyzed for gravimetric soil moisture and 
soil N. Gravimetric soil moisture was determined by weighing a subsample for 
initial mass, drying for 24 h at 105 °C and weighing for final mass (Hillel, 1980). 
Percentage water was then calculated. A second 10-g subsample was taken from 
the composite and put in a 0.473 L bottle with 50-mL of 2 M KCI for extraction of 
soil-N. The bottle was sealed and shaken for 15 min, allowed to settle for 5 min, 
and then filtered through a no. 1 Whatman qualitative filter. Filtered, undiluted 
extract was transferred to 10-mL sample tubes utilized for determination of soil-N 
by auto-ion techniques. 
Soil NH4-N and NO3-N were analyzed using a Lachat auto-ion analyzer 
(Milwaukee, Wl) that was calibrated for NH4-N and NO3-N concentrations of 0.02 
to 20.0 mg N L"^. If a sample exceeded the calibration concentration, it was 
diluted 4:1 and rerun to determine actual concentration. Lachat soii-N values were 
then calculated on a dry soil basis. 
Population and lodging 
Corn plants in each plot were counted and percentage lodging and barrenness 
were determined. Corn plants were considered lodged if the corn plant was 
leaning at 30 degrees or more from vertical. Corn plants were considered barren if 
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the ear was a nubbin, less than two-thirds filled, or if corn smut {Ustilago maydis) 
was covering the ear. 
Grain harvest 
All experimental plots were machine han/ested on 28 and 29 September 1991, 
and on 24 and 25 October 1992. Subsamples of grain were obtained from each 
plot and dried at 60 °C in a forced draft oven for 4 days to determine percentage 
dry matter, grain moisture, and grain yield. All grain yields were adjusted to 15.5% 
grain moisture. Additionally, grain subsamples were analyzed for seed mass and 
number of seeds plant'\ 
Statistical analysis 
Main effects and interactions were analyzed by analysis of variance (SAS 
Institute). Variables analyzed were; corn grain yield, seed moisture, seed mass, 
seeds plant'\ percentage lodging, and percentage barrenness. Soil and 
NO3" were analyzed by analysis of variance with sampling time as a repeated 
measure. Simple correlations and single degree of freedom contrasts were utilized 
where appropriate. All main effects and interactions were considered significant if 
P<0.05, Effect of year was different (P<0.001), therefore, years will be interpreted 
separately. Trends were considered to P=0.15 level of probability. 
Experiment ll-A and ll-B 
The experiments were conducted at two different locations in 1992. 
Experiment ll-A was located on the Iowa State University Agronomy and 
Agricultural Engineering Research Center-Bruner farm in Boone County, Iowa. At 
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this location corn was planted following either corn or soybean. The soil type was 
a Nicollet-Webster complex. Experiment ll-B was located on the Farm Service-
Bennett farm in Story County, Iowa where corn followed corn. Soil type was a 
Nicollet-Ankeny complex. 
Experimental site 
Experiment ll-A: The previous crop in 1991 was either corn (C-C) or soybean 
(SB-C). Soil test levels of P and K were 43 kg P and 184 kg K ha'^  with a pH of 
6.8 for C-C. For SB-C, extractable P and K were 93 kg and 269 kg K ha"^ with a 
pH of 7.25. 
Experiment ll-B: The previous crop in 1991 was corn. Soil test levels were 
42.5 kg and 123 kg of extractable P and exchangeable K, respectively, with a pH 
of 7.0. 
Site preparation 
Experiment ll-A: In the fall 1991 the experimental sites were chisel plowed. In 
mid April 1992, 170 kg N and 224 kg N ha"^ as 46% urea granules were broadcast 
on soybean and corn land, respectively. The plot areas were then field cultivated 
to incorporate the applied N. A second pass with a field cultivator was made to 
incorporate a preplant herbicide tankmix of alachlor [2-chloro-2'-6' -diethyl-N-
(methoxymethyl)acetaniHde] and cyanazine [2{{4-chloro-6-(thylamino)-s-triazin-2-yl) 
amlno)-2-methyl propoinitrile]. P3379 was planted 5 May for C-C and 6 May, 1992 
for SB-C at approximately 69,000 plants ha"\ Corn plots in SB-C rotation were 
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thinned to 66.920 plants ha'\ Corn plots for C-C were not thinned because of 
poor emergence and an uneven stand. 
Experiment ll-B: In the fall of 1991 the experimental area was chisel plowed. In 
the spring of 1992 the area received 175 kg ha""' N as NH4NO3 and was 
incorporated with a field cultivator prior to planting. Additionally, the experimental 
area received 2.9 L metachlor ha""' [2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2-
methoxy-1 -methylethyl)acetamide] and 0.56 kg atrazine ha"^ [2-chloro-4-ethyl-
amino-6-isoproyl-amino-s-triazine] and was planted to P3417 on 10 May 1992 at 
approximately 62,000 plants ha"\ A post emergence treatment of bromoxynil [3,5-
dibromo-4-hydroxybenzonitrile] at vegetative growth stage V3. The experimental 
area received row cultivation in early June, 1992. 
Experimental design 
Experiment ll-A: The experimental design for both C-C and SB-C was variant of 
a split plot design with six replications. Main plots were stage of application. Each 
main plot was divided vertically into three subplots representing the three N rates. 
Each subplot was then subdivided in four sub-subplots to accommodate the four 
rates of nitrapyrin. Stage of application occurred at either V4, V6, or V8 vegetative 
growth stages similar to Experiment I. In addition to the two rates of N as 28% 
UAN in Experiment I, a zero N rate was added to Experiment ll-A. Rates of 
nitrapyrin (24E) were the same as in Experiment I. The total number of nitrapyrin 
plots was 216. 
Replications measured 598.3 (32.8 x 18.2 m), stage of application 
measured 199.2 m^ (10.9 x 18.2 m), UAN plots measured 66.3 m^ 
(10.9 X 6.1 m). and nitrapyrin plots measured 16.6 m^ (10.9 x 1.5 m). After the 
second, fourtli, and eighth replication a 295.5 m^ (12.2 x 24.3 m) turnway was 
used. All dimensions were similar for C-C and SB-C. Border corn was maintained 
on either side and on both ends. 
Experiment ll-B: The experimental design employed on the Bennett farm 
consisted of a split-piot design with eight replications. Main plots were four rates 
of N as 28% UAN which were subdivided to accommodate four rates of nitrapyrin 
(24E) which numbered 128 subplots. 
Replicated areas measured 265.9 m^ (10.9 x 24.3 m), UAN plots measured 
66.3 m^ (10.9 x 6.1 m), and subplots measured 16.6 m^ (10.9 x 1.5 m). Between 
each replication there was a 25.9 m^ (1.2 x 24.3 m) alley, and after the fourth and 
eighth replication a 295.5 (12.2 x 24.3 m) turnway was included. Border corn 
surrounded the plot area. 
Treatment criterion 
Experiment ll-A: The stage of application was either the 4-, 6-, or 8-leaf stage of 
vegetative growth for C-C and SB-C. Treatments were completed on 4,10, and 18 
June, 1992 on C-C and 3, 10, and 18 June, 1992 on SB-C for V4, V6, and V8 
stages, respectively. Vegetative stages were reached when the uppermost leaf 
collar for a respective growth stage was visible (Special Report No. 48, ISU Coop. 
Ext. Serv.). The three rates of UAN were 0, 45, and 90 kg N ha'\ The four rates 
of nitrapyrin 24E [2-chloro-6(trichloromethyl-pyricline)] were 0, 0.9,1.8, and 3.6 L 
ha"^ (0, 0.2, 0.4, and 0.8 kg ai ha"^). For both C-C and SB-C the UAN and 
nitrapyrin soiutions were applied in a factorial combination with a point injector 
fertilizer applicator (PIFA) at 262 L ha"^ to a depth of 15-cm at each vegetative 
stage of corn development. For the zero rate of UAN all nitrapyrin solutions were 
applied with water as a carrier. Immediately after treatment several point injection 
holes in each plot were permanently marked with 10.2-cm pot stakes for 
subsequent soil sampling. 
Experiment ll-B: Treatments for this experiment were applied at growth stage 
V6 only with treatment occurring on 10 June 1992. At this location, the highest 
rate of N, 180 kg, was omitted and the treatment was used as a zero check. Rates 
of N as UAN were 0, 45, and 90. The rates of nitrapyrin were 0, 1.2, 2.4, and 
4.8 L ha"^ (0, 0.28, 0.56, and 1.12 kg ai ha"^). All solutions were applied in factorial 
combination using similar techniques as in experiment ll-A. 
Soil samples 
Experiment ll-A: Two-cm soil cores were collected as a repeated measure to a 
depth of 25.4 cm from the soil surface on 2- and 8-week post application for stage 
V4 and V8 in 1992. Stage V4 soil samples were collected on 23 June and 20 July 
for C-C, and 23 June and 20 July, 1992 for SB-C. Stage V8 soil samples were 
collected on 7 July for C-C and SB-C, and on 21 August 1992 for both previous 
crops. The soil probe was inserted into the spoke injection area which was 
permanently marked. Three probes were taken from each plot and combined to 
form a composite sample. The combined soil sample was stored frozen until 
further analysis. Soil samples were not collected from experiment ll-B. 
Each soil sample was thawed and analyzed for gravimetric soil moisture and 
soil N. Gravimetric soil moisture was determined by weighing a subsample for 
initial mass, drying for 24 h at 105 °C and weighing for final mass. Percentage 
water was then calculated. A second 10-g subsample was tal<en from the 
composite and put in a 0.473 L bottle with 50-mL of 2 M Kcl for extraction of soil-N. 
The bottle was sealed and shaken for 15-min allowed to settle for 5-min and filtered 
through a number-one Whatman qualitative filter. Filtered undiluted extract was 
transferred to 10-mL sample tubes utilized for determination of soil-N. Soil NH4-
N and NO3-N were analyzed using a Lachat continuous flow auto-ion analyzer that 
was calibrated for NH4-N and NO3-N concentrations of 0.02 to 20.0 mg N L""". If a 
sample exceeded the calibration concentration, it was diluted 4:1 and rerun to 
determine actual concentration. Lachat soil-N values were then converted to a dry 
soil basis. 
Grain harvest 
Experiment 11-A: All experimental plots were machine harvested on 22 and 23 
October 1992 for C-C and SB-C, respectively. Subsamples of grain were obtained 
from each plot and dried at 60 ®C in a forced draft oven for four days to determine 
percentage dry matter, grain moisture, and grain yield. All grain yields were 
adjusted to 15.5% grain moisture. Additionally, grain subsamples were analyzed 
for seed size and number of seeds plant'V 
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Experiment H-B: All plots were han/ested on 20 October 1992. Similar methods 
of harvesting, subsampling, and seed determinations were employed as in 
Experiment ll-A. 
Statistical analysis 
Main effects and interactions were analyzed by analysis of variance. Variables 
analyzed were; corn grain yield, seed moisture, seed weight, seeds plant'\ soil 
and NO3* were analyzed by analysis of variance with sampling time as a 
repeated measure. Simple correlations were utilized where appropriate. All main 
effects and interactions were considered significant if P<0.05. Trends were 
considered to P=0.15. 
Experiment III 
The area used for Experiment III was located on the Iowa State University 
Agronomy and Agricultural Engineering Research Center-Burkey farm in Boone 
County, Iowa. The soil type was a Nicollet-Webster complex. In 1990 and 1991 
corn was planted following corn. 
Experimental site 
The plot areas were planted in strips to P3377 and P3379 at approximately 
70,000 plants ha'^  on 28 April 1990 with the C-C area receiving a corn rootworm 
insecticide applied at planting. In 1991 three hybrids were planted in strips at 
approximately 66,000 seeds ha'\ The hybrids were P3615, P3503, and P3377 
which were considered early mid-season, mid-season, and full season hybrids, 
respectively. 
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Experimental design 
The experimental design in 1990 was a multiple split-plot. The main plots were 
two hybrids, subplots were either corn or soybean land, sub-subplots were two 
leaf stages of point injection, sub-sub-subplots were two levels of UAN and the 
sub-sub-sub-subplots were three rates of nitrapyrin. The treatments were applied 
at a volume of 375 L ha""' by a PIFA to a depth of 15-cm. 
In 1991 the experimental design was a variant of a split plot design. Main plots 
were stage of application. Each main plot was divided horizontally into two 
subplots representing rates of UAN, the subplots were then divided vertically to 
accommodate the four rates of nitrapyrin. 
Treatment criterion 
In 1990 the UAN and nitrapyrin solutions were point injected on 18 June and 
28 June for V4 and V8, respectively, to a depth of 15 cm. Rates of N as UAN were 
48 or 96 kg N ha""" and the rates of nitrapyrin were 0, 0.6, or 2.4 L ha""' that were 
point injected in a factorial combination. In 1991 the V4 and V6 treatments were 
applied on 7 and 12 June with a PIFA. The V8 treatment was not applied because 
of wet soil conditions. Rates of N were 45 and 90 kg N ha'^  and rates of NI were 
0, 0.75, and 1.5 L NI ha'\ Shortly after treatment all plots to be soil sampled were 
permanently marked with 10-cm garden stakes in the holes left by the point 
injector. 
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Grain harvest 
In 1990 the plots were machine harvested in early October. Subsamples of 
grain were obtained from each plot and dried at 60 °C for four days to determine 
grain moisture and yield. In 1991 the experiment was machine harvested and a 
subsample of each plot was obtained for determination of grain moisture and seed 
mass. Grain moisture was adjusted to 15.5% for yield determinations in both 
years. 
Statistical analysis 
Main effects and interactions were analyzed by analysis of variance. Variables 
analyzed in 1990 and 1991 were: corn grain yield, seed moisture, and seed mass. 
Soil and NOg'-N was analyzed by analysis of variance with sampling time 
as a repeated measure. All main effects and interactions were considered 
significant at P<0.05 level of probability. 
42 
RESULTS AND DISCUSSION 
Results and discussion for experiments I, II, and III will be presented separately. 
Experiment I 
The experimental site was located on the Burkey farm near Boone, lA. The 
experiment consisted of a multiple split plot design with varying levels of K+ 
fertility, stages of application, rates of UAN, and rates of nitrapyrin. In 1991 corn 
was planted on adjacent corn and soybean areas that contained the same K"*" 
fertility treatments. In 1992 only the corn land was used. Potassium levels of low, 
medium, and high will be referred to as K1, K2, and K3, respectively. 
Analysis of variance (ANOVA) for corn variables measured in both years are 
shown in Tables 1-3. Since the main effect of years was significantly different, 
years will be discussed separately. For comparison of treatment differences, a 
least significant difference (LSD) test at P=0.05 level was used to separate 
treatment means. 
Grain moisture 
Grain moisture was similar for all main effects following either corn or soybean 
in 1991 and 1992 (Tables 1, 2, and 3). Grain moisture was different for the 
S X U x NI (P<0.05) interaction for SB-C in 1991 (Table 1), the K x U x NI 
interaction (P<0.05) for C-C in 1991, and the S x K x U interaction (P<0.05) in 
1992 (Tables 2 and 3). Although not significant, there was a trend for the S x K 
interaction (P<0.06) for C-C in 1991, the main effect of K (P<0.06), and the S x U 
interaction (P<0.09) in 1992. 
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Table 1. Mean squares and significance of variables tested on the Burkey farm 
for corn following soybean near Boone, lA in 1991 
Source df 
Grain 
yield 
Grain 
moisture 
Seed 
mass 
Seeds? 
plant'1 
Rep (R) 2 780 0.9 2.7 4875 
Stage (S) 2 281 2.7 2.5 1362 
error (a) 4 1273 89.6 26.6 12729 
Potassium (K) 2 10773** 1.4 117.7** 9232 
Sx K 4 118 0.8 5.6 1443 
error (b) 12 312 1.5 6.6 5500 
UAN (U) 1 5109** 0.8 4.7 9195 
Sx U 2 125 0.3 2.6 116 
Kx U 2 307 0.7 1.9 1336 
Sx Kx U 4 448 0.5 9.2 969 
error (c) 18 440 0.4 4.1 2586 
Nitrapyrin (NI) 3 36 0.2 7.6 658 
Sx NI 6 88 0.7 5.6 1681 
Kx NI 6 55 0.1 2.8 1322 
U X NI 3 223 0.2 4.7 5419** 
S X K x NI 12 166 0.2 7.2** 4897** 
S X U X NI 6 186 0.9* 1.9 1582 
K X U X NI 6 49 0.1 3.6 711 
S X Kx U 
X NI 
12 287** 0.2 5.5 3228* 
error (d) 108 136 0.4 3.1 1432 
"/^Significant at 0.05 and 0.01 level, respectively. 
®df for replications and error terms: Rep = 1, error (a) = 2, error (b) = 6, error (c) = 9, and error (d) = 54. 
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Table 2. Mean squares and significance of variables tested on the Burkey farm 
for corn following corn near Boone, lA in 1991 
Source dfa 
Grain 
yield 
Grain 
moisture 
Seed 
mass 
Seeds? 
plant^ 
Rep (R) 2 105 1.2 26.2 16 
Stage (S) 2 434 6.5 2.9 4412 
error (a) 4 1476 56.0 6.8 654 
Potassium (K) 2 27223** 0.1 354** 72989** 
Sx K 4 425 1.6 18.7 3378 
error (b) 12 706 0.6 10.1 6018 
UAN (U) 1 359 0.2 0.0 3 
S x U  2 220 1.7 5.5 793 
Kx U 2 97 0.2 3.0 4563 
Sx Kx U 4 214 1.4 4.9 1554 
error (c) 18 222 1.1 6.9 2891 
Nitrapyrin (NI) 3 120 0.1 1.6 1091 
Sx NI 6 118 0.6 5.9 1398 
Kx NI 6 122 0.4 1.4 1995 
Ux NI 3 133 0.3 7.6* 483 
S X K X NI 12 125 0.6 4.0 957 
S X U X NI 6 168 0.3 3.8 577 
K X U X NI 6 107 1.1* 3.8 2258 
S x K x U  
X NI 
12 197 0.6 4.5 922 
error (d) 108 140 0.5 2.9 1657 
*,** Significant at 0.05 and 0.01 level, respectively. 
®df for replications and error terms: Rep = 1, error (a) = 2, error (b) = 6, error (c) = 9, and error (d) = 54. 
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Table 3. Mean squares and significance of variables tested on the Burkey farm 
for corn following corn near Boone, lA in 1992 
Source df 
Grain 
yield 
Grain 
moisture 
Seed 
mass 
Seeds 
plant"' 
Rep (R) 2 1056 1.2 19.9 5180 
Stage (S) 2 829 15.5 10.8 17151 
error (a) 4 932 10.2 18.2 5172 
Potassium (K) 2 41995** 23.2 955** 164119** 
Sx K 4 142 2.6 9.2 2644 
error (b) 12 881 7.8 8.5 7999 
UAN (U) 1 3 0.2 0.04 46 
S x U  2 158 2.4 4.5 2659 
Kx U 2 160 2.3 1.9 1739 
S X Kx U 4 152 2.8* 4.5 2878 
error (c) 18 257 0.9 7.6 4176 
Nitrapyrin (NI) 3 141 0.2 1.6 155 
S X NI 6 163 1.6 7.8 1887 
Kx NI 6 271 1.7 7.4 2435 
U x N I  3 79 1.4 4.6 688 
S X K X NI 12 291 1.5 3.4 3464 
S X U X NI 6 225 1.6 2.0 1265 
Kx U X N 6 53 0.4 0.9 166 
S X Kx U 
X N 
12 77 0.8 3.3 1314 
error (d) 108 176 1.3 5.0 1974 
*,** Significant at 0.05 and 0.01 level, respectively. 
Figure 1 shows the S x K interaction for C-C in 1991. The trend indicates that 
K2 and K3 tended to have a greater grain moisture compared to K1 at V4 and V6 
stages of treatment but not at V8. Grain moisture was greatest with the last stage 
of application for K1. For K2, grain moisture increased from V4 to V6 then 
decreased, whereas K3 had the greatest moisture content at V4 followed by a 
decrease with later stages of treatment. 
Tables 4, 5, and 6 show that grain moisture was not influenced by stage of 
treatment in neither year nor by previous crop. Similarly, in 1991, grain moisture 
was not different among K fertility levels (Tables 7 and 8). In 1992, K1 had the 
lowest grain moisture content followed by K2 and K3 (Table 9). Grain moisture for 
K1 was 6.5% lower than K3 and 4.3% lower that K2. Labios (1989) showed similar 
increases in corn grain moisture with high K fertility compared to low K fertility. 
The S X U interaction showed the effect of stage of treatment and rate of N on 
grain moisture in 1992 (Fig. 2). Grain moisture was similar among N rates at the 
first stage of application (V4), but at V6 additional N increased grain moisture and 
at V8 reduced grain moisture. Labios (1989) observed increased grain moisture 
with the addition of 154 and 231 kg N ha'^  and attributed the increased grain 
moisture to an extended vegetative growth period and varying precipitation 
patterns after physiological maturity. 
Yield components 
Seed Mass: The ANOVA showed that seed mass was different among K fertility 
levels for both SB-C and C-C in 1991, and C-C in 1992, U x NI interaction for C-C 
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V8 
Figure 1. Effect of stage of treatment and K fertility on grain moisture 
content for C-C in 1991. Error bars represent the standard error 
of mean 
48 
Table 4. Effect of stage of treatment on corn grain moisture, grain yield, seed 
mass, and seeds plant"^ for corn following soybean in 1991 near 
Boone, lA 
Vegetative 
stage® 
Grain 
moisture 
Grain 
yield 
Seed 
mass" 
Seeds 
plant"' 
% Mo ha""' a number 
V4 15.66 13.14 60.16 632.58 
V6 15.38 12.95 59.80 622.24 
V8 15.30 13.18 59.96 629.64 
LSDC NS NS NS NS 
® V4, V6, and V8 stages of vegetative development were applied on 6 June, 11 
June, and 18 June 1991. 
^ Seed mass based on 200 seed count. 
°Least significant difference (LSD) at 0.05 level of probability. 
Table 5. Effect of stage of treatrnent on corn grain moisture, grain yield, seed 
mass, and seeds plant""' for corn following corn in 1991 near Boone, 
lA 
Vegetative 
stage® 
Grain 
moisture 
Grain 
yield 
Seed 
mass" 
Seeds 
plant""' 
% Ma ha""' a number 
V4 14.67 12.80 59.21 640.97 
V6 15.05 13.10 59.61 659.14 
V8 15.26 12.88 59.48 644.75 
LSD° NS NS NS NS 
® V4, V6, and V8 stages of vegetative development were applied on 6 June, 11 
June, and 18 June 1991. 
^ Seed mass based on 200 seed count. 
°Least significant difference (LSD) at 0.05 level of probability. 
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Table 6. Effect of stage of treatment on corn grain moisture, grain yield, seed 
mass, and seeds plant""' for corn following corn in 1992 near Boone, 
lA 
Vegetative 
stage® 
Grain 
moisture 
Grain 
yield 
Seed 
rnass" 
Seeds 
plant""' 
% Ma ha""' a number 
V4 17.25 10.97 48.72 619.08 
V6 16.89 10.59 47.99 592.22 
VB 16.33 10.62 48.10 592.48 
LSDC NS NS NS NS 
®V4, V6, and V8 stages of vegetative development were applied on 4, 10, and 
19 June, 1991. 
^Seed mass based on 200 seed count. 
°Least significant difference (LSD) at 0.05 level of probability. 
Table 7. Effect of K fertility on corn grain moisture, grain yield, seed mass, and 
seeds plant""' for corn following soybean in 1991 near Boone, lA 
Potassium 
fertility® 
Grain 
moisture 
Grain 
yield 
Seed 
mass" 
Seeds 
plant""' 
% Ma ha""' a number 
Low 15.59 12.20 58.51 612.25 
Medium 15.43 13.54 60.51 634.44 
High 15.32 13.52 60.89 637.76 
LSD° NS 0.40 0.93 NS 
^Exchangeable K levels for low, medium, and high fertility were 178.1, 415.1, 
and 726.4 kg ha"', respectively. 
^Seed mass based on 200 seed count. 
°Least significant difference (LSD) at 0.05 level of probability. 
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Table 8, Effect of K fertility on corn grain moisture, grain yield, seed mass, and 
seeds plant"^ for corn following corn in 1991 near Boone, lA 
Potassium 
fertility® 
Grain 
moisture 
Grain 
yield 
Seed 
mass° 
Seeds 
plant""" 
% Ma ha'l a number 
Low 14.95 11.55 56.91 605.71 
Medium 15.02 13.35 60.34 656.86 
High 15.01 13.88 61.06 682.27 
LSD° NS 0.61 1.15 71.61 
^Exchangeable K levels for low, medium, and higli fertility were 178.1, 415.1, 
and 726.4 kg ha"\ respectively. 
^Seed mass based on 200 seed count. 
°Least significant difference (LSD) at 0.05 level of probability. 
Table 9. Effect of K fertility on corn grain moisture, grain yield, seed mass, and 
seeds plant"' for corn following corn in 1992 near Boone, lA 
Potassium 
fertility® 
Grain 
moisture 
Grain 
yield 
Seed 
mass° 
Seeds 
plant""" 
% Ma ha"l a number 
Low 16.21 8.99 44.11 547.08 
Medium 16.94 11.36 49.81 619.54 
High 17.33 11.82 50.84 637.17 
LSD° 1.02 0.68 1.06 32.48 
^Exchangeable K levels for low, medium, and high fertility were 178.1, 415.1, 
and 726.4 kg ha" ', respectively. 
bSeed mass based on 200 seed count. 
^Least significant difference (LSD) at 0.05 level of probability. 
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Figure 2. Effect of stage of treatment and rate of N on corn grain moisture 
content for C-C in 1992. Error bars represent the standard error 
of mean 
52 
in 1991 and the S x K x NI interaction for SB C in 1991 (Tables 1, 2, and 3). All 
other main effects and interactions were not different at the P=0.05 level. 
The single factor stage of treatment did not influence seed mass in either year 
of previous crop (Tables 4, 5, and 6 ). Comparison among K fertility levels showed 
that the K2 and K3 had 3.4 to 15.3% greater seed mass compared to K1 (Tables 7, 
8, and 9) with the larger percentage associated with C-C. Increasing the rate of N 
did not contribute to increased seed mass (Tables 10, 11, and 12). 
Although rate of nitrapyrin did not have a significant effect on seed mass, there 
was a trend (P<0.06) toward greater seed mass with 1.8 L NI ha"^ compared to 0 
L NI ha"^ for SB-C (Table 13). The trend indicated that the addition of 1.8 L NI 
ha"^ increased seed mass by 1.5% compared to 0 L NI ha'\ This may suggest 
that maintaining NH^+ ions by use of NI may provide greater seed mass, thus 
improving corn grain yield. Similar trends were not present for C-C (Tables 14 and 
15). Several researchers (Below et al., 1991; Maddux and Barber, 1991; Brandau 
and Below, 1992; and Czyzewicz and Below, 1992) have observed that seed mass 
does not significantly influence the increased grain yield associated with mixed N 
nutrition. 
The significant U x NI interaction for C-C in 1991 indicated that with 90 kg N 
ha'\ increasing the rate of NI produced a slight increase in seed mass, whereas 
addition of 45 kg N ha""' with increased rates of NI showed a decrease in seed 
mass (Fig. 3). The increase with 90 kg N may be associated with an adequate 
supply of NH '^*', whereas the NH4+ supply for 45 kg N may have been 
53 
Table 10. Effect of rate of point Injected N as UAN on corn grain moisture, grain 
yield, seed mass, and seeds plant""' for corn following soybean in 
1991 near Boone, lA 
Nitrogen Grain Grain Seed Seeds 
rate moisture yield mass® plant""' 
ka N ha'^  % Ma ha""' a number 
45 15.51 12.78 59.83 620.16 
90 15.39 13.39 60.12 636.14 
LSDb NS 0.38 NS NS 
®Seed mass based on 200 seed count. 
^Least significant difference (LSD) at 0.05 level of probability. 
Table 11. Effect of rate of point injected N as UAN on corn grain moisture, grain 
yield, seed mass, and seeds plant"^ for corn following corn in 1991 
near Boone, lA 
Nitrogen 
rate 
Grain 
moisture 
Grain 
yield 
Seed 
mass® 
Seeds 
plant""' 
ko N ha"^ % Ma ha'l a number 
45 14.96 13.01 59.43 648.43 
90 15.02 12.85 59.43 648.14 
LSDb NS NS NS NS 
®Seed mass based on 200 seed count. 
^Least significant difference (LSD) at 0,05 level of probability. 
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Table 12. Effect of rate of point injected N as DAN on corn grain moisture, grain 
yield, seed mass, and seeds plant""* for corn following corn in 1992 
near Boone, lA 
Nitrogen Grain Grain Seed Seeds 
rate moisture yield mass® plant""' 
ka N ha'l % Ma ha'l a number 
45 16.79 10.71 48.29 600.80 
90 16.86 10.72 48.26 601.73 
LSQb NS NS NS NS 
®Seed mass based on 200 seed count. 
^Least significant difference (LSD) at 0.05 level of probability. 
Table 13. Effect of rate of nitrapyrin on corn grain moisture, grain yield, seed 
mass, and seeds plant"^ for corn following soybean in 1991 near 
Boone, lA 
Nitrapyrin 
Grain 
moisture 
Grain 
yield 
Seed 
mass® 
Seeds 
plant""' 
L ha'l % Ma ha"l a number 
0 15.36 13.16 59.65 627.52 
0.9 15.48 13.06 59.98 631.66 
1.8 15.47 13.15 60.49 622.35 
3.6 15.48 13.08 59.77 631.08 
LSQb NS NS NS NS 
®Seed mass based on 200 seed count. 
^Least significant difference (LSD) at 0.05 level of probability. 
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Table 14. Effect of rate of nitrapyrin on corn grain moisture, grain yield, seed 
mass, and seeds plant" ' for corn following corn in 1991 near Boone, 
lA 
Nitrapyrin 
Grain 
moisture 
Grain 
yield 
Seed 
mass® 
Seeds 
plant"^ 
Lha"l % Ma ha'l a number 
0 14.96 12.82 59.49 646.73 
0.9 14.96 12.93 59.45 649.45 
1.8 15.07 13.04 59.20 655.08 
3.6 14.98 12.92 58.59 641.88 
LSDb NS NS NS NS 
®Seed mass based on 200 seed count. 
"^Least significant difference (LSD) at 0.05 level of probability. 
Table 15. Effect of rate of nitrapyrin on corn grain moisture, grain yield, seed 
mass, and seeds plant" ' for corn following corn in 1992 near Boone, 
lA 
Nitrapyrin 
Grain 
moisture 
Grain 
yield 
Seed 
mass® 
Seeds 
plant"'' 
L ha'^  % Ma ha'l a number 
0 16.78 10.85 48.27 600.81 
0.9 16.92 10.76 48.23 600.17 
1.8 16.80 10.63 48.50 600.30 
3.6 16.79 10.66 48.09 603.77 
LSDb NS NS NS NS 
®Seed mass based on 200 seed count. 
^Least significant difference (LSD) at 0.05 level of probability. 
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Figure 3. Effect of rate of N and rate of NI on seed mass of corn for C-C in 
1991. Error bars represent the standard error of mean 
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insufficient to overcome the effects of immobilization, positional unavailability, 
and/or ammonium fixation. 
Simple correlations for SB C and C-C in 1991 indicate different trends. There 
was not a relationship between soil NH4-N concentration and seed mass for SB-C 
rotation (Table 16), but a significant positive correlation (r=0.51 ; P<0.05; n=16) 
between soil NH4-N concentration and seed mass was observed for C-C 
(Table 17). In 1992, seed mass for the C-C rotation was not related to the 
concentration of soil NH4-N (Table 18). 
Below et al. (1991), using field hydroponics, could not demonstrate an increase 
in seed mass for enhanced-NH '^^  nutrition. In their study they concluded gains in 
grain yield were due to increased seed number ear'\ Maddux and Barber (1991) 
did not observe an increase in seed mass due to enhanced-NH '^*' nutrition. 
Usherwood (1985) indicated that maize plants deficient in K tend to have 
chaffy, flexible ears with heavy-tip kernel abortion and a low test weight. His 
report showed that kernel weight increased 32.5% with 93 kg K ha"^ compared to 
0 kg K ha'\ Welch and Flannery (1985) attributed lower kernel weight to reduced 
uptake of companion ions. 
Seeds Planf"*: The ANOVA showed that seeds plant'^  were not different for 
SB-C (Table 1), but different for C-C in both years for varying K levels 
(Table 2 and 3). The U x NI and S x K x NI were different for SB-C in 1991 
(Table 1). 
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Table 16. Simple correlations for variables measured at the Burkey farm for SB-
C in 1991 
Variable N-ratio NH4-N N03-N Yield 
Seed 
mass 
Seeds 
plant"' 
N-ratio 1.0 o.er* -0.23 0.21 0.09 0.28 
NH4-N 1.0 0.60** -0.04 -0.16 -0.06 
NO3-N 1.0 -0.23 -0.42 -0.34 
Yield 1.0 0.001 0.94** 
Seed 
mass 
1.0 -0.07 
Seeds 
plant""' 
1.0 
*,** Significant at 0,05 and 0.01 level of probability, respectively. 
n=16 
Table 17. Simple correlations for variables measured at the Burkey farm for C-C 
in 1991 
Variable N-ratio NH4-N NO3-N Yield 
Seed 
mass 
Seeds 
plant"' 
N-ratio 1.0 0.75** 0.04 0.44 0.06 0.41 
NH4-N 1.0 0.66** 0.54* 0.51* 0.43 
NO3-N 1.0 0.36 0.71** 0.30 
Yield 1.0 0.47 0.58** 
Seed 
mass 
1.0 0.07 
Seeds 
plant"' 
1.0 
*,** Significant at 0.05 and 0.01 level of probability, respectively. 
n=16 
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Table 18. Simple correlations for variables measured at the Burkey farm for C-C 
in 1992 
Variable N-ratio NH4-N NO3-N Yield 
Seed 
mass 
Seeds 
plant"' 
N-ratio 1.0 0.52** 0.31 -0.01 -0.06 -0.06 
NH4-N 1.0 0.91** -0.09 -0.26 -0.08 
NO3-N 1.0 -0.22 -0.35 -0.19 
Yield 1.0 0.73** 0.B6** 
Seed 
mass 
1.0 0.49** 
Seeds 
plant"'' 
1.0 
*,** Significant at 0.05 and 0.01 level of probability, respectively. 
n=24 
Tables 4 and 5 indicate that stage of treatment did not affect seeds plant"^ in 
1991 for either previous crop. Although not significant, a trend (P<0.09) was 
observed for seeds plant"^ associated with stage of treatment for C-C in 1992 
(Table 6). Stage V4 had 4.5% more seeds than either V6 or VB; however, greater 
seed plant""' for V4 did not influence yield. Reduced seed number with later stages 
of application, such as V6 or VB, may suggest these stages of application were too 
late for a positive response (Tables 4 and 6). Maddux and Barber (1991) reported 
that point injected UAN at V6 produced 3.0% more grain yield compared to 
preplant N application; however, they could not attributed the yield increase to 
greater seeds ear'"". 
Tables of means for the main effect of K level show that seeds plant'^  for K2 
and K3 were similar and K1 was lower (Tables 7, 8, and 9). In 1991 seeds planf^ 
for C-C were 12.6% greater for K3 than K1. and in 1992 the difference was 16.5%. 
Ushenwood (1985) reported similar findings for 93 kg K ha'^  compared to 0 kg K 
ha'\ and attributed reduced kernel number to heavy tip-end kernel abortion. 
Table 10 shows a yield difference for rate of N for SB-C in 1991. The yield 
difference may have been associated with a trend to increased seeds plant'^  with 
90 kg N ha"1 compared to 45 kg N ha'\ The lower N rate produced 2.5% fewer 
seeds plant"^ which likely contributed a 4.5% reduction in grain yield. Results of 
several researchers support these findings (Below et al., 1991; Bock et al., 1991; 
and Brandau and Below, 1992). 
The U X NI Interaction showed that seeds plant'^  with 90 kg N ha"^ tended to 
increase with increased rate of NI, whereas with 45 kg N ha'^  seeds plant'^  tended 
to decrease as rate of NI increased (Fig. 4). The increase for 90 kg N ha'^  may 
have been associated with a greater concentration of available soil NH^+ 
compared to 45 kg N ha'\ Several researchers (Alexander et al., 1991; Below and 
Gentry, 1987; Below et al., 1991; Maddux and Barber, 1991; and Tsai et al., 1991) 
have demonstrated that grain yield of corn was significantly influenced by kernel 
number and that maintaining an enhanced NH4+ supply produced a greater 
number of kernels ear'\ Below and Gentry (1989) indicated that kernel number 
was greatly influenced by providing NH4+ ions at the time kernel number was 
being determined. 
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Figure 4. Effect of rate of N and rate of NI on the number of seeds planf^ 
for SB-C In 1991. Error bars represent the standard error of 
mean 
Brandau and Below (1992) indicated that corn grain yield increases were the result 
of more filled kernels rather than heavier kernels and that N supply affected kernel 
number by decreasing kernel abortion. Simple correlation coefficients did not 
show a relationship between soil NH4+ concentration and seeds planf^ ; however, 
seeds plant"^ were highly correlated with yield (r=0.94; P<0.01; n=16) for SB-C 
(Table 16). 
Grain yield 
Significant effects (P< 0.01) were obtained for the single factors K fertility for 
SB-C and C-C in both years, N rate for SB-C in 1991, and the S x K x U x NI 
interaction (Table 1, 2, and 3). Other main effects and interactions were not 
significant. 
No yield differences were observed for stage of treatment (Tables 4, 5, and 6). 
The lack of response may be due to dry weather conditions which occurred after 
treatment causing the point injected N to be positionally unavailable. Hoeft (1984) 
suggested that a lack of yield response to applied N during an early season dry 
period may be due to NH4+ ions becoming positionally unavailable. Additionally, 
dry soil conditions prevent NH4+ ions from downward movement into the soil 
profile. He contended that dry surface soil caused roots to grow to greater depths 
and to absorb water which did not contain adequate N for maximum growth. 
Grain yield differences were consistently less for K1 compared to K2 and K3 
which were similar. Means in Table 7 showed that yield for K2 and K3 was more 
than 10.8% greater than with K1 for SB-C. For C-C, the yield response from K 
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approximately 15.6 and 26.4% greater for SB-C In 1991 and 1992, respectively, for 
K2 and K3 compared to K1 (Tables 8 and 9). Differences in grain yield for SB-C 
with low K fertility in 1991 were the result of a significantly reduced seed mass 
(Table 7). In addition to reduced seed mass, grain yield was also influenced by 
seed number for C-C in 1991 and 1992. In 1991 seed mass was more than 6% 
greater and seeds plant"^ were more than 8.4% greater for K2 and K3 compared 
to K1 which accounted for the 15.6% reduction in grain yield In 1991 (Table 7). 
The reduction in seed mass and seeds piant'^  exceeded 11 and 12% (Table 9), 
respectively, for K1 compared to K2 and K3 suggesting that C-C and low K fertility 
may cause yield reductions by two potential ways including reduced seed mass 
and fewer seeds planf^ (Tables 8 and 9). 
Malzer and Randall (1991) reported a 5% reduction in grain yield of corn when 
K fertility was increased which does not parallel the findings of this research, 
however their decrease due to K was at low levels of N. Welch and Flannery 
t 
(1985) reported that increased K fertility resulted in increased grain yield of corn 
with the positive response being attributed to increased uptake of N and P. 
Mean grain yield of corn was influenced by N rate for SB-C in 1991, but not for 
C-C in either year (Table 10,11, and 12), The 90 kg N ha"'' rate produced 4.8% 
more yield compared to 45 kg N ha'^  (Table 10). Increased grain yield may be 
attributed to a greater number of filled kernels from a greater supply of NH4+ 
during ear differentiation. Alexander et al. (1991) found that yield differences were 
the result of an 8.2% increase in kernel number and a 4.4% increase in kernel 
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weight for enhanced NH4+ nutrition compared to NO3" alone. Maddux and Barber 
(1991) observed similar increases in kernel numbers. 
Since a trend to increased seed number was present with additional N fertilizer 
for SB-C (Table 10), it may suggest that corn grown in a SB-C rotation system with 
higher K fertility provided more available N for uptake during kernel development 
and allowed for greater potential uptake of other ions. 
Increased yield was reflected in the yield components. Greater seed numbers 
may have been produced because reduced tip-end abortion may have contributed 
additional kernels increasing grain yield in both SB-C and C-C rotations with high K 
fertility (Tables 7, 8, and 9) and with additional N for SB-C (Table 10). Grain yield 
was not improved with the addition on NI for either previous crop or in either year 
for C-C (Tables 13, 14, and 15). Slight increases in seed mass provided nominal 
gains in grain yield. 
Simple correlations indicated a significantly strong positive correlation between 
seeds plant"^ and grain yield (r=0.94; P<0.01; n=16) for SB-C, but seed mass 
was not correlated with grain yield (Table 16). For C-C, yield was positively 
correlated with seed plant'^  (r=0.58; P<0.01: n=16) but not correlated to seed 
mass in 1991 (Table 17). In 1992 for C-C, yield was positively correlated with 
seeds plant"^ (r=0.86; P<0.01: n=16) and seed mass (r=0.73; P<0.01; n=16) 
(Table 18). 
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Stalk lodging 
Stalk lodging was influenced by tlie single factor of stage of treatment in 1991 
for SB-C (Table 19). In Table 20, mean squares were similar due to a high 
coefficient of variability (C.V.). The high C.V. was the result of lodging in only a 
small number of plots. In 1992, percentage stalk lodging was different for the 
single factors K (P<0.01) and UAN (P<0.05) as shown in the ANOVA (Table 21). 
Table 22 shows the means of stage of treatment in 1991 for SB-C. Stalk 
lodging was lowest for V4 and similar, but greater for V6 and V8. Percentage stalk 
lodging for V4 was 78 and 73% less than V6 and VB, respectively. 
Comparison of means for levels of K showed that stalk lodging was similar for 
SB-C and C-C in 1991 (Tables 25 and 26), but different for C-C in 1992 (Table 27). 
Stalk lodging was greatest with K1 compared to K2 and K3 which were similar 
(Table 27). Stalk lodging for K1 was 140% greater that K2 or K3. 
Tables of means for SB-C and C-C in 1991 show no differences in stalk 
lodging with different N rates (Tables 28 and 29). In 1992, stalk lodging was 68% 
greater for 90 kg N ha""' compare to 45 kg K ha"l (Table 30). 
Welch and Flannery (1985) reported that corn stalks tend to be weak with low 
K fertility, especially with high N fertility. They indicated that one possible role of K 
in reducing stalk lodging was to maintain a sufficient K level in the plant making the 
plant able to produce photosynthate at a greater rate and over a longer period of 
time. This effect may reduce the reliance on remobilization of photosynthate stored 
in the stalk for ear growth. 
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Labios (1989) did not observe differences in stalk lodging among various K levels. 
In his study, stalk lodging increased only when the plant population was increased 
23%. 
Barrenness 
Table 21 shows the significant main effect (P<0.05) of K on percentage barren 
for C-C in 1992. All other main effects and interactions were nonsignificant (Tables 
19 and 20). Tables 22, 23, and 24 showed the nonsignificant means for each 
previous crop in each year for stage of treatment. In 1992, K fertility had an affect 
on percentage barren. The mean percentage barrenness was lowest for K3 and 
greatest for K1 (Table 27). Percent barren for K1 was 11 and 17% greater than K2 
and K3, respectively. Barrenness may have been associated with two possible 
factors. First, it may have been that barrenness was an artifact of poor emergence 
of corn seedlings and delayed development during early spring caused by a dry 
period after planting. Secondly, corn smut {Ustilago maydis) may have destroyed 
the ear. 
The rate of N did not affect percentage barrenness for SB-C in 1991 (Table 28) 
or for C-C rotation in 1991 and 1992 (Tables 29 and 30). Similarly, the rate of NI 
did not influence the percent lodging in the SB-C rotation (Table 31) or the C-C 
rotation (Tables 32 and 33). 
Munson (1968) observed that under severe K stress, seedling emergence and 
stand survival problems resulting in lower populations at harvest time. Secondly, 
since K fertility has been shown to reduce disease incidence in corn, increased 
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Table 19. Mean squares and significance of variables tested on the Burkey farm 
for corn following soybean near Boone, lA in 1991 
Source df 
Percent 
lodge 
Percent 
barren 
Rep (R) 1 0,02 59.7 
Stage (S) 2 0.07* 8.7 
error (a) 2 0.004 4.6 
Potassium (K) 2 0.16 8.5 
Sx K 4 0.06 8.7 
error (b) 6 0.08 3.4 
UAN (U) 1 0.02 20.8 
S x U  2 0.04 11.6 
Kx U 2 0.01 4.6 
S x K x U  4 0.05 5.7 
error (c) g 0.11 4.5 
Nitrapyrin (NI) 3 0.18 5.9 
Sx NI 6 0.09 3.5 
Kx NI 6 0.07 1.4 
U X N 3 0.01 0.3 
S X K X NI 12 0.06 2.3 
S X U X NI 6 0.15 3.0 
K X U X NI 6 0.03 4.4 
S X K X U X NI 12 0.04 3.5 
error (d) 54 0.07 3.3 
^/^Significant at 0.05 and 0.01 level, respectively. 
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Table 20. Mean squares and significance of variables tested on the Burkey farm 
for corn following corn near Boone, lA in 1991 
Percent Percent 
Source df lodge barren 
Rep (R) 1 0.005 0.3 
Stage (8) 2 0.005 0.7 
error (a) 2 0.005 30.1 
Potassium (K) 2 0.005 21.0 
S x K  4 0.005 7.8 
error (b) 6 0.005 15.8 
UAN (U) 1 0.005 5.6 
Sx U 2 0.005 3.0 
Kx U 2 0.005 4.8 
Sx Kx U 4 0.005 6.5 
error (c) 9 0.005 5.8 
Nitrapyrin (NI) 3 0.005 4.8 
Sx NI 6 0.005 2.3 
Kx NI 6 0.005 2.1 
Ux N 3 0.005 0.6 
Sx Kx NI 12 0.005 4.7 
S X U X NI 6 0.005 4.6 
K X U x NI 6 0.005 6.9 
S X K X U X NI 12 0.005 3.3 
error (d) 54 0.005 4.4 
"/"significant at 0.05 and 0.01 level, respectively. 
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Table 21. Mean squares and significance of variables tested on the Burkey farm 
for corn following corn near Boone, lA in 1992 
Source df 
Percent 
lodge 
Percent 
barren 
Rep (R) 2 140 11.9 
Stage (S) 2 154 3.7 
error (a) 4 217 23.0 
Potassium (K) 2 1247** 54.6* 
S x K  4 20 12.9 
error (b) 12 182 12.4 
UAN (U) 1 693* 0.5 
Sx U 2 97 22.7 
Kx U 2 181 29.0 
Sx Kx U 4 31 30.2 
error (c) 18 123 33.5 
Nitrapyrin (NI) 3 7 5.3 
Sx NI 6 42 18.7 
Kx NI 6 64 7.1 
Ux N 3 28 4.8 
S X K X NI 12 16 5.3 
S X U X NI 6 23 6.4 
K X U X NI 6 27 6.6 
S X K X U X NI 12 18 2.5 
error (d) 108 20 13.1 
^/^Significant at 0.05 and 0.01 level, respectively. 
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Table 22. Effect of stage of treatment on percent lodging and barrenness for 
corn following soybean near Boone, lA in 1991 
Vegetative® Percent Percent 
stage lodge barren 
V4 0.18 5.65 
V6 0.89 4.90 
V8 0.75 5.61 
LSQb 0.55 NS 
®V4, V6, and V8 stages of vegetative development were applied on 6 June, 11 
June, and 18 June, 1991. 
^Least significant difference at 0.05 level of probability. 
Table 23. Effect of stage of treatment on percent lodging and barrenness for 
corn following corn near Boone, lA in 1991 
Vegetative® Percent Percent 
stage lodge barren 
V4 0.02 6.91 
V6 0.0 6.83 
V8 0.0 7.06 
LSDb NS NS 
®V4, V6, and V8 stages of vegetative development were applied on 6 June, 11 
June, and 18 June, 1991. 
^Least significant difference at 0.05 level of probability. 
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Table 24. Effect of stage of treatment on percent lodging and barrenness for 
corn following corn near Boone, lA in 1992 
Vegetative® Percent Percent 
stage lodge barren 
V4 6.24 10.36 
V6 6.22 10.81 
V8 8.78 10.50 
LSOb NS NS 
®V4, V6. and V8 stages of vegetative development were applied on 4 June, 10 
June, and 19 June, 1992. 
^Least significant difference at 0.05 level of probability. 
Table 25. Effect of K fertility on percent lodging and barrenness for corn 
following soybean near Boone, lA in 1991 
Potassium® Percent Percent 
fertility lodge barren 
Low 1.33 5.65 
Medium 0.40 4.90 
High 0.22 5.60 
LSOb NS NS 
^Exchangeable K levels for low, medium, and high fertility were 178.1, 415.1, 
and 726.4 kg ha'1, respectively. 
^Least significant difference at 0.05 level of probability. 
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Table 26. Effect of K fertility on percent lodging and barrenness for corn 
following corn near Boone, lA in 1991. 
Potassium® 
fertility 
Percent 
lodge 
Percent 
barren 
Low 0.2 7.58 
Medium 0.0 6.95 
High 0.0 6.26 
LSQb NS NS 
^Exchangeable K levels for low, medium, and high fertility were 178.1, 415.1, 
and 726.4 kg ha'l, respectively. 
^Least significant difference at 0.05 level of probability. 
Table 27. Effect of K fertility on percent lodging and barrenness for corn 
following corn near Boone, lA in 1992 
Potassium® Percent Percent 
fertility lodge barren 
Low 11.88 11.51 
Medium 4.42 10.37 
High 4.95 9.80 
LSOb 4.91 1.28 
^Exchangeable K levels for low, medium, and high fertility were 178.1, 415.1, 
and 726.4 kg ha'l, respectively. 
^Least significant difference at 0.05 level of probability. 
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Table 28. Effect of point injected N rate on percent lodging and barrenness for 
corn following soybean near Boone, lA in 1991 
N rate Percent Percent 
(kg ha"') lodge barren 
45 0.72 5.77 
90 0.53 5.01 
LSD® NS NS 
®Least significant difference at 0.05 level of probability. 
Table 29. Effect of point injected N rate on percent lodging and barrenness for 
corn following corn near Boone, lA in 1991 
N rate Percent Percent 
(kg ha"') lodge barren 
45 0.12 6.73 
90 0.0 7.13 
LSD® NS NS 
®Least significant difference at 0.05 level of probability. 
Table 30. Effect of point injected N rate on percent lodging and barrenness for 
corn following corn near Boone, lA in 1992 
N rate Percent Percent 
(kg ha'"') lodge barren 
45 5.29 10.61 
90 8.87 10.51 
LSD® 3.18 NS 
®Least significant difference at 0.05 level of probability. 
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Table 31. Effect of point injected rate of nitrapyrin on percent lodging and 
barrenness for corn following soybean near Boone, lA in 1991 
Nitrapyrin (L ha-1) Percent lodge 
Percent 
barren 
0.0 0.00 5.34 
0.9 0.12 4.49 
1.8 0.00 5.43 
3.6 0.12 5.49 
LSD* NS NS 
®Least significant difference at 0.05 level of probability. 
Table 32. Effect of point injected rate of nitrapyrin on percent lodging and 
barrenness for corn following corn near Boone, lA in 1991 
Nitrapyrin (L ha-1) Percent lodge 
Percent 
barren 
0.0 0.02 6.96 
0.9 0.00 6.42 
1.8 0.00 7.28 
3.6 0.00 7.06 
LSD* NS NS 
®Least significant difference at 0.05 level of probability. 
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Table 33. Effect of point injected rate of nitrapyrin on percent lodging and 
barrenness for corn following corn near Boone, lA in 1992 
Nitrapyrin (L ha-l) Percent lodge 
Percent 
barren 
0.0 6.78 10.47 
0.9 7.38 10.98 
1.8 6.73 10.55 
3.6 7.43 10.23 
LSOa NS NS 
®Least significant difference at 0.05 level of probability. 
barrenness may have been related to increased corn smut {Ustilago maydis) 
infestation in K1 in 1992. 
Huber and Amy (1985) suggested that early K deficiency may predispose the 
crop to damage or later infection by common diseases. Data on the relationship of 
K deficiency and corn smut are lacking, however. 
Soil nitrogen 
NO3-N: The single factors time (P<0.05) and N rate as DAN (P<0.01) 
influenced soil NO3-N concentration in the point injection zone in 1991 for SB-C 
(Table 34). For C-C in 1991, the single factors time (P<0.05), N rate (P<0.01), and 
rate of NI (P<0.01) were different (Table 35). Additionally, the T x S x U, the 
U X NI (P<0.01), and T x U x NI interaction (P<0.05) affected soil NO3-N 
concentration (Table 35). The NO3-N concentration for C-C in 1991 was different 
for the single factor time (P<0.05) and rate of N (P<0.05). In 1992, the soil NOg-N 
concentration in the point injection zone changed with time (Table 36). 
Table 37 shows the means for the main effects of soil NO3-N for SB-C in 1991. 
Soil NO3-N concentration decreased with time. The 2-wk post application had 24% 
more NOs-N in the point injection zone than 4-wk and 89% more than 8-weeks 
post application. The decrease in soil NO3-N may be the result of NO3' plant 
uptake since precipitation and soil moisture were not conducive to leaching. 
Table 38 shows that the effect of time caused a decrease in soil NO3-N for C-C 
in 1991. Between 2- and 4-wk post application there was approximately a 26% 
increase in soil NO3-N concentration followed by a 54% decrease from 4- to 8-wk 
post application. The increase after 2 wk may have been caused by a contribution 
of NOs'N from nitrification of applied NH^-N. The decrease after 4-weeks was 
likely due to plant uptake of N. Since a dry period occurred shortly after 
application, decreased soil NO3-N was likely the result of plant uptake rather than 
NO3' leaching (Fig. A1; Appendix). 
Maddux and Barber (1991) observed similar results when soil sanipling at 2-
wk, before V6, and 2-wk after V6 when DAN was used as the N source. They 
observed a slight increase from 2-wk before V6 followed by a decrease. Results of 
Bock et al. (1991) and Labios (1989) support these findings. 
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Table 34. Mean squares and significance for soil NOg-N, NH4-N, and ttie N-
ratio for corn following soybean near Boone, lA in 1991 
Soil-N 
Source df NO3-N NH4-N N-Ratio 
Rep (R) 2 3058 6815 3.7 
Stage (S) 1 715 12981 1.3 
error (a) 4 1377 10165 4.9 
Time (T) 2 6694** 51437** 13.3* 
T x S  2 2559 6136 5.6 
error (b) 6 857 4043 2.1 
UAN (U) 1 15511** 102789** 1.8 
Tx U 2 60 6310 4.1 
Sx U 1 1476 1948 0.2 
T X S X U 2 199 538 1.4 
error (c) 12 561 3075 2.0 
Nitrapyrin (NI) 3 227 19622** 28.2** 
Tx NI 6 568 2376 6.0** 
Sx NI 3 414 2880 7.5** 
UxNI  3 671 4771 0.3 
T X S x NI 6 428 2173 3.8 
T x U X NI 6 521 2603 3.7 
S X U X NI 3 105 4957 2.3 
T X S X U X 
NI 
6 245 964 3.8 
error (d) 72 395 2349 1.9 
*,** Significant at 0.05 and 0.01 level, respectively. 
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Table 35. Mean squares and significance for soil NO3-N, NH4-N, and the N-
ratio for corn following corn near Boone, lA in 1991 
Soil-N 
Source df NO3-N NH4-N N-Ratio 
Rep (R) 2 337 8768 7.1 
Stage (S) 1 31600 4949 15.9 
error (a) 4 9711 1010 6.7 
Time (T) 2 18331** 75289** 14.9** 
T x S  2 5489 28490** 0.3 
error (b) 6 1899 2523 0.5 
UAN (U) 1 25576** 52919** 12.4** 
T x U  2 2539 4346 1.1 
S x U  1 1165 11101* 7.6** 
T x S x  U  2 297 1341 0.8 
error (c) 12 1420 1848 1.0 
Nitrapyrin (NI) 
3 2013* 13328** 9.4** 
Tx NI 6 970 2166 0.6 
Sx NI 3 489 4040** 4.4* 
U X NI 3 4982** 5499** 0.7 
T X S X NI 6 417 473 0.3 
T X U X NI 6 1791* 3096* 1.7 
S X U X NI 3 683 9008** 2.3 
T X S X U X 
NI 
6 189 1412 1.1 
error (d) 72 660 1134 1.3 
*,** Significant at 0,05 and 0.01 level, respectively. 
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Table 36. Mean squares and significance for soil NO3-N, NH4-N, and the N-
ratio for corn following corn near Boone, lA in 1992 
Soil-N 
Source df NO3-N NH4-N N-ratio 
Rep (R) 2 1315 4042 0.2 
Time (T) 1 49021* 213516** 6.5* 
error (a) 2 1481 2131 0.2 
UAN (U) 1 8641* 52568 3.5 
Tx U 1 5701 13949 2.9 
error (b) 4 1031 8868 0.9 
Nitrapyrin (NI) 3 267 1373 0.3 
Tx NI 3 505 3925 0.7 
Ux NI 3 685 2133 0.1 
T X U X NI 3 97 4574 1.4 
error (c) 24 1344 6330 0.7 
*,** Significant at 0.05 and 0.01 level, respectively. 
®N-ratios were calculated using variation among replications. 
Stage of treatment had no influence on soil NO3-N concentration for SB-C or 
C-C in 1991 (Tables 37 and 38). Although not significantly different, soil NO3-N 
concentration was nearly 2-fold greater for V8 than V4 for C-C (Table 38) and 11% 
greater for SB-C (Table 37). The difference in NO3-N concentration may be the 
result of a longer period of N utilization or more rapid uptake for V4 versus V8. 
Rate of N as UAN influenced the concentration of soil NO3-N in the sampling 
zone. NO3-N concentration was nearly 2-fold greater for 90 kg N compare to 
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45 kg N ha*^ (Tables 37, 38, and 39). The difference in concentration was a direct 
reflection of the application rates. 
Figure 5a shows the effect of rate of N and rate of NI on soil NO3-N 
concentration in the sample zone. Similar NO3-N levels were present with 45 kg N; 
however, 90 kg N ha"^ and 0.9 L NI ha"^ maintained 67% more NO3-N compared 
to 0 L NI ha'\ The greater NO3-N level for 0.9 L NI may be the result of a 
constant influx of NO3-N into the available pool from nitrification of NH4-N. Lower 
NO3-N concentrations for 1.8 L and 3.6 L NI ha"l may be due to the lack of 
nitrification of NH4-N, thus the NO3-N pool was not replenished upon plant uptake. 
Hendrickson et al. (1978a) observed that without the use of NI a band of ammonia 
was 80% nitrified 15 days after application. Use of NI delayed the nitrification 
process for approximately 30 days after application. 
NH^-N: The single factors time, UAN, and NI were significant (P<0.01) for SB-C 
and C-C in 1991 (Table 34 and 35). For C-C in 1991 the T x p, S x U, S x NI, 
U X NI, T X U X NI, and the S x U x NI interactions were significant (Table 35). The 
effect of time was significant for C-C in 1992 (Table 36). 
Table 37 shows the means of the main effects for SB-C in 1991. The 
concentration of NH^-N in the point injection zone decreased with time. From 2 to 
4 wk the concentration decreased 19%, and from 4 to 8 wk there was an additional 
98% decrease. 
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Table 37. Main effect response of soil NO3-N, NH4-N, and the N-ratio for corn 
following soybean in 1991 on the Burkey farm near Boone, lA 
Soil-N fma ko" h 
Main effect NO3-N NH4-N N-ratio 
Stage of treatment 
V4 36.58 97.41 2.66 
va 41.04 76.71 1.87 
LSD MS NS NS 
Sample time^ 
2-week 40.29 116.52 2.89 
4-week 49.82 97.67 1.96 
8-week 26.33 49.37 1.88 
LSOb 13.79 47.33 0.68 
UAN (kg N ha""") 
45 28.43 60.12 2.11 
90 49.19 114.77 2.33 
LSD 8.60 20.28 NS 
Nitrapyrin (L ha""') 
0 41.45 61.30 1.48 
0.9 39.31 74.84 1.90 
1.8 39.08 98.04 2.01 
3.6 35.39 114.10 3.22 
LSD NS 22.95 0.66 
® Sample time was weeks post application. 
^ Least significant difference (LSD) at 0.05 level of probability. 
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Table 38. Main effect response of soil NO3-N, NH4-N, and the N-ratio for corn 
following corn in 1991 on the Burkey farm near Boone, lA 
Soil-N (mo kg'"*) 
Main effect NO3-N NH4-N N-ratio 
Stage of treatment 
V4 34.14 47.04 1.38 
V8 66.63 59.88 0.89 
LSD NS NS NS 
Sample time® 
2-week 53.39 93.11 1.74 
4-week 67.09 54.45 0.81 
8-week 31.08 13.33 0.43 
LSDb 20.66 24.09 0.33 
UAN (kg N ha-1) 
45 37.70 33.81 0.90 
90 63.07 74.29 1.17 
LSD 13.78 15.90 0.38 
Nitrapyrin (L ha""') 
0 44.82 26.47 0.59 
0.9 57.67 59.67 1.03 
1.8 52.67 60.73 1.15 
3.6 46.43 66.63 1.44 
LSD 12.17 16.13 0.54 
® Sample time was weeks post application. 
^ Least significant difference (LSD) at 0.05 level of probability. 
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Table 39. Main effect response for soil NO3-N, NH4, and the N-ratio for corn 
following corn in 1992 on the Burkey farm near Boone, lA 
Soil-N fma kg'"*) 
Main effect NO3-N NH4-N N-ratio 
Sample time® 
2-week 94.34 158.52 1.68 
8-week 30.42 25.13 0.83 
LSD^ 47.81 57.34 0.55 
UAN (kg N ha-"") 
45 48.96 58.73 1.20 
90 75.79 124.92 1.65 
LSD 25.74 NS NS 
Nitrapyrin (L ha'"') 
0 64.23 83.26 1.30 
0.9 68.08 100.26 1.47 
1.8 59.73 101.85 1.71 
3.6 57.47 81.91 1.43 
LSD NS NS NS 
® Time of sampling refers to weeks post application. 
^ Least significant difference (LSD) at 0.05 level of probability. 
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NH4-N concentration for C-C in 1991. Error bars represent the 
standard error of mean 
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For C-C, there was a 42% decrease in soil NH4-N between 2- and 4-wk post 
application and between 4 and 8 wk there was a 54% decrease in NH4-N 
concentration (Table 38). In 1992 soil NH4-N concentration in the point injection 
zoned decreased significantly (Table 39). There was an 84% decrease from 2- to 
8-wk post application. For both previous crops, the rapid decrease in soil NH4-N 
was likely associated with nitrification and plant uptake. Maddux and Barber 
(1991), Bock et al. (1991), and Labios (1989) observed dramatic reductions in soil 
NH4-N concentration with time. 
Figure 5b indicates the greatest NH4-N concentration occurred at both 45 and 
90 kg N ha'^  with the addition of NI. The NH4-N level continued to increase with 
increases in rate of NI for 45 kg N, whereas the level of NH4-N was similar among 
0.9,1.8, and 3.6 L NI ha'\ but greater than 0 L NI ha'\ 
Figure 6 shows the effect of time and stage of treatment on the NH4-N 
concentration in the point injection zone. The general trend was toward decreased 
NH4-N concentration with time at both V4 and V8. At 2 wk the NH4-N level for V8 
was 2-fold that of V4 which indicated there may be more rapid uptake at V4 and/or 
a rapid conversion to NO3-N by nitrification. After 8 wk, however, the 
concentration of NH4-N in the point injection zone was greatest for V4. 
Tables 37, 38, and 39 showed the NH4-N concentration for the main effect of 
rate of N. In 1991 for SB-C and C-C, the NH4-N concentration in the point injection 
zone was nearly 100% greater for 90 kg N compared to 45 kg N ha'\ Although 
NH4-N concentration was more than 110% greater for 90 kg N compared to 45 kg 
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N for C-C in 1992, the difference was not significant. The differences in NH4-N 
levels In 1991 were a reflection of the 100% difference in application rates of N. 
Figure 7 demonstrates the effect of stage of application and rate of N on soil 
NH4-N concentration in the point Injection zone for C-C. Addition of 45 kg N ha"^ 
at V4 had less NH4-N compared to VS. Soil NH4-N levels were similar for 90 kg N 
ha"^. Greater concentrations at V8 versus V4 may be due to slower uptake and/or 
positional unavailability. 
NItrapyrIn was effective in maintaining significant levels of soil NH4-N In the 
point injection zone. For SB-C In 1991, the NH4-N concentration was 22, 60, and 
86% greater for 0.9, 1.8, and 3.6 L NI ha'\ respectively, compared to 0 L NI ha'^  
(Table 37). NH4-N levels for C-C were 125,129, and 152% greater for the same NI 
rates compared with 0 NI (Table 38). Different NH4-N concentrations proved that 
NI was effective for maintaining NH4-N in the point injection zone. 
Chancy and Kamprath (1982b) concluded the addition of Nl significantly 
increased the NH4-N concentration in the 0-15 cm soil depth, and contribution of 
greater NH4-N was due to the lack of nitrification, Frye et al. (1980) indicated that 
the amount of NO3-N and NH4-N in soils treated with Nl will eventually reach the 
levels of nontreated soils, but it is during that time that the benefits of Nl are 
realized. Further, they observed that with Nl there was 26% more NH4-N than 
without Nl. 
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Gomes and Loynachan (1984) observed that NI added with anhydrous 
ammonia maintained 2-fold more NH4-N that without NI when soil N concentrations 
were determined in mid-June. Greater NH4-N concentrations for SB-C than for 
C-C may indicate the potentially greater immobilization of NH4-N by organic matter 
with a high C:N ratio. Broadbent (1984) reported that In corn residue, 33% of the 
applied soil N was incorporated into soil organic matter. 
Figure 8 illustrates the effect of stage of treatment and rate of NI on the NH4-N 
level in the point injection zone. The greatest response to the NI occurred at V4. 
Use of NI at V4 maintained more soil NH4-N in the sampling zone compared to no 
NI. The NH4-N levels were similar among NI rates at V8. This suggests that NI 
may perform better in cooler soils. Touchton et al. (1978a) observed that the 
effectiveness of NI in inhibiting nitrification appears to be related to soil temperature 
because relative inhibition appears to be greater at <10 °C than at higher 
temperatures. 
N-Ratio: The statistical NH4-N:N03-N ratio was different for the single factor NI 
and the T x NI, and the S x NI interactions for SB-C in 1991 (Table 34). Table 35 
shows that the single factors time, stage, UAN, and NI were different (P<0.01). In 
addition, the S x U, and S x NI interactions were significant for C-C in 1991 (Table 
35). In 1992, only the single factor time influenced the N-ratio (Table 36). 
Table 37 illustrates that the soil N-ratio in the point injection zone tended to 
decrease with time. 
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For SB G in 1991, there was nearly a 50% reduction in the N-ratio from 2- to 8- wl< 
post application which was likely attributed to nitrification and an increase in the 
NO3-N pool. Although C-C had lower N-ratios than SB-C, similar reductions In the 
N-ratio occurred with time (Tables 38 and 39). From 2 wk to 8 wk for C-C, the N-
ratio decreased 306 and 102% in 1991 and 1992, respectively. 
The N-ratio for stage of treatment was lower for V8 than V4 for C-C, but similar 
for SB-C in 1991. The nearly 2-fold difference was likely due to greater nitrification 
of NH4-N caused by warmer soil temperatures at V8. 
The N-ratio for rate of N was different for C-C in both years and similar for 
SB-C in 1991. The N-ratio was 31 and 38% greater for 90 kg N ha"^ than 45 kg N 
ha'"" for C-C in 1991 and 1992, respectively (Tables 38 and 39). The addition of a 
greater rate of N should have provided a similar N-ratio since the UAN solution 
contained the same N-ratio; however, at 45 kg N ha"^ some of the NH4-N may 
have been incorporated into organic N, whereas 90 kg N ha'^  provided adequate 
NH4-N which was available to satisfy the needs for organic N and still maintain a 
higher N-ratio. 
Rate of NI had a significant effect with SB-C and C-C in 1991 (Tables 37 and 
38). The effect of NI was nonsignificant in 1992 (Table 39). For SB-C the N-ratio 
was 118% greater with 3.6 L NI ha"^ than for 0 L NI ha'\ For C-C, the N-ratio was 
144% greater for 3.6 L NI than for 0 L NI ha"\ 
Figure 9 illustrates the effect of stage of treatment and rate of N on the N-ratio 
in the point injection zone. The N-ratio was greater at V4 compared to V8 at each 
rate of N which suggests that an early application of point injected N may provide 
the greatest potential benefit from a mixed N source. 
Figure 10 shows the time by NI interaction for a) SB-C and b) C-C in 1991. At 
each sampling time the N-ratio was greater with each increase in rate of NI for 
both crops. The N-ratio for the SB-C rotation was greater than that of C-C rotation 
at each time and rate of NI. This suggests that a greater proportion of the applied 
NH4-N may have been immobilized due to residue with a high C:N ratio. 
Similarly, Figure 11 illustrates that the N-ratio increased with increased rate of 
NI at each stage of application. In the SB-C rotation the N-ratio increased with 
increased rate of NI at each stage of application. For C-C, however, the N-ratio 
was greatest at stage V4 which suggested that plant uptake or nitrification of the 
applied N may have contributed to the lower N-ratio at V8. The 0 L NI ha"^ 
provided a N-ratio that was inherent in the point injection zone. It was apparent 
that SB-C had a much greater N-ratio compared to C-C in 1991, which may reflect 
the C:N ratio of the previous crop and the amount of NH4-N utilized for organic N. 
Additionally, the large difference between 0 and 3.6 L NI for C-C may have been 
due to inhibition of biological activity of ammonia oxidizing organisms by the high 
rate of NI. 
Hendrlckson et al. (1978b) observed a positive effect of NI on the soil N-ratio 
during the growing season. They found that addition of 84 kg N ha"^ with NI 
produced a N-ratio of 2.4, whereas a N-ratio of 1.7 was observed without NI. 
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Experiment ll-A 
The experimental site was located on the Bruner farm west of Ames, lA. The 
experiment was conducted either following a previous crop of soybean (SB-C) or 
corn (C-C) using a multiple split plot design with various stages of treatment, rates 
of N, and rates of nitrapyrin (NI). 
Analysis of variance (ANOVA) was used to test all sources of variation (Tables 
40 and 41). Mean separation was accomplished with the use of a least significant 
difference (LSD) at the 0.05 level of significance. Additionally, all main effects and 
interactions were considered significant if P<0.05. 
Grain moisture 
Grain moisture was not influence by treatments for SB-C in 1992 (Table 40). 
In 1992 the single factor stage of treatment showed a significant effect (P<0.05) for 
C-C (Table 41). Trends were present for stage of treatment for SB-C and rate of 
NI for C-C (Table 40 and 41). 
Grain moisture tended to be less with later treatment for SB-C in 1991 
(Table 42). Comparison of means for stage of treatment for C-C showed that grain 
moisture was similar when treated at V4 and V6, but greater than V8. Compared 
to V6, V8 had 4.8% less grain moisture (Table 43). The reduced grain moisture at 
V8 may have indicated that the treatment was too late for the crop to benefit from 
the additional N since late N application may delay flowering. The trend for SB-C 
was similar to that of C-C. Stage V4 had the greatest moisture content compared 
to V6 or V8 (Table 42). 
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Table 40. Mean squares and significance of variables measured in 1992 for SB-
C on the Bruner farm near Ames, lA 
Source df 
Grain 
yield 
Grain 
moisture 
Seed 
mass® 
Seed 
plant'1 
Rep (R) 5 621 44.5 4.9 17173 
Stage (S) 2 27 19.2 5.3 3734 
error (a) 10 294 5.9 4.6 4405 
UAN (U) 2 203 6.9 2.7 4199 
Sx U 4 432* 2.4 0.6 3925 
error (b) 30 128 5.6 4.8 2035 
Nitrapyrin 
(NI) 
3 149 6.5 3.3 1172 
Sx NI 6 145 4.8 4.6 2291 
U x N I  6 96 3.4 1.4 1140 
S X U X NI 12 72 5.4 4.4 2499* 
error (c) 135 100 5.5 2.8 1124 
*,** Significant at 0.05 and 0.01 level of probability, respectively. 
® Seed mass was based on a 200 seed sample. 
98 
Table 41. Mean squares and significance of variables measured in 1992 for C-C 
on the Bruner farm near Ames, lA 
Source df 
Grain 
yield 
Grain 
moisture 
Seed 
mass® 
Seed 
plant""' 
Rep (R) 5 2202 6.3 23.4 11846 
Stage (S) 2 3153** 20.7* 7.37 24118 
error (a) 10 459 3.9 6.72 9892 
UAN (U) 2 102 3.3 8.81 3379 
S x U  4 348* 1.4 7.57 6699 
error (b) 30 253 2.8 6.00 3078 
Nitrapyrin 
(NI) 
3 63 4.6 27.20** 2898 
Sx NI 6 220 2.4 7.67 3582 
U x N I  6 195 1.4 5.65 2051 
S X U X NI 12 140 3.8 7.73 3336 
error (c) 135 172 2.5 6.51 2812 
*,** Significant at 0.05 and 0.01 level of probability, respectively. 
® Seed mass was based on a 200 seed sample. 
A trend to lower grain moisture content at V8 may indicate tliat treatment at V8 
was too late. Labios (1989) found that grain moisture was greater when N was 
supplied by split application. 
Yield components 
Seed mass: The single factor NI was significant (P<0.01) for C-C (Table 41). 
Trends were present for the S x NI and S x U x NI interactions for SB-C (Table 40). 
Seed mass was similar for stage of treatment (Tables 42 and 43) and for rate of N 
(Tables 44 and 45). 
Although not significant, a similar trend occurred for NI in the SB-C rotation 
(Table 46). Table 47 shows that as the rate of NI increased so did the seed mass. 
Addition of 0.9,1.8, or 3.6 L NI ha"^ produced seeds with 1.9, 2.7, and 2.6% 
greater seed mass, respectively, compared to 0 L NI ha""'. 
Bock et al. (1991) showed that the inclusion of NH4-N in the N supply of wheat 
produced similar trends in seed mass. Results of our soil N analysis indicated that 
NI maintained an enhanced NH4-N supply and may be partially responsible for 
increased seed mass. 
Below et al. (1991) observed that a 50:50 ratio of NH4-N and NO3-N produced 
seeds with less mass than a treatment having NO3-N as the sole source. They 
contended that gains in grain yield are not the result of increased kernel mass, but 
were a consequence of more kernels ear'\ 
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Table 42. Effect of stage of treatment on corn grain moisture, grain yield, seed 
mass, and seeds plant'^  for corn following soybean in 1992 on the 
Bruner farm near Ames, lA 
Vegetative 
stage® 
Grain 
moisture 
Grain 
yield 
Seed 
mass" 
Seeds 
plant"" 
% Mo ha"1 a number 
V4 22.45 14.21 55.80 831.46 
V8 21.62 14.20 56.10 817.72 
V8 21.49 14.14 55.56 820.78 
LSDC 0.90 NS NS NS 
® V4, V6, and V8 stages of vegetative development were applied on 3, 10, and 
18 June, 1992. 
^ Seed mass based on 200 seed count. 
° Least significant difference (LSD) at 0.05 level of probability. 
Table 43. Effect of stage of treatment on corn grain moisture, grain yield, seed 
mass, and seeds plant'^  for corn following corn in 1992 on the 
Bruner farm near Ames, lA 
Vegetative 
stage 
Grain 
moisture 
Grain 
yield 
Seed 
mass® 
Seeds 
plant"' 
% Ma ha"l a number 
V4 21.86 12.85 54.80 679.13 
V6 22.31 13.32 54.68 694.73 
V8 21.24 13.67 55.29 715.74 
LSD° 0.74 0.49 NS NS 
® V4, V6, and V8 stages of vegetative development were applied on 3, 10, and 
18 June, 1992. 
^ Seed mass based on 200 seed count. 
° Least significant difference (LSD) at 0.05 level of probability. 
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Table 44. Effect of rate of point injected N as UAN on corn grain moisture, grain 
yield, seed mass, and seeds plant'"" for corn following soybean in 
1992 near Boone, lA 
Nitrogen Grain Grain Seed Seeds 
rate moisture yield mass® plant""* 
ka N ha"^ % Ma ha'l a number 
0 
21.73 14.12 55.96 815.98 
45 
21.64 14.30 55.60 831.23 
90 
22.21 14.12 55.90 822.76 
LSDb 
NS NS NS NS 
BSeed mass based on 200 seed count. 
^Least significant difference (LSD) at 0.05 level of probability. 
Table 45. Effect of rate of point injected N as UAN on corn grain moisture, grain 
yield, seed mass, and seeds plant"^ for corn following corn in 1992 
near Boone, lA 
Nitrogen 
rate 
Grain 
moisture 
Grain 
yield 
Seed 
mass® 
Seeds 
plant""" 
ka N ha'l % Ma ha"l a number 
0 22.04 13.19 54.89 693.49 
45 21.70 13.31 54.58 702.89 
90 21.65 13.34 55.30 693.32 
LSDb NS NS NS NS 
®Seed mass based on 200 seed count. 
^Least significant difference (LSD) at 0.05 level of probability. 
102 
Figure 12 shows that seed mass tended to be greater with the addition of NI at 
V4 and V6, but lower for V8. This may have suggested that application of mixed N 
at V8 was too late to benefit seed mass. Maddux and Barber (1991) observed that 
kernel mass increased when supplemental N was applied by knifing or point 
injection up to stage VS. No response to treatment was observed when treatment 
occurred after V6. 
Seeds olanf^: Single factors and interactions were not significantly different at 
P=0.05: however, trends were present for UAN, S x U, and S x NI for SB-C, and 
for stage of treatment and the S x U interaction for C-C (Table 40 and 41). 
Seeds plant"^ were not influenced by stage of treatment for SB-C rotation (Table 
42). Table 43 shows that as treatment was delayed, there was a trend towards 
increased seeds plant'\ Treatments at V6 and V8 produced plants with 2.3 and 
5.4% more seeds than V4. Table 44 demonstrates that increased N followed a 
trend to increased seeds plant"^ The 45 kg N rate produced 1.0 and 1.8% more 
seeds planf^ than 90 or 0 kg N ha'l. Greater seeds plant"^ for 45 kg N compared 
to 0 kg N may be the result of an enhanced NH^-N supply. The lower seed 
number for 90 kg N compared to 45 kg N ha"^ may be the result of NH4-N toxicity 
even though toxicity symptoms were not apparent. Seeds plant""" was similar 
among rates of N for C-C (Table 45). Similarly, rate of NI did not affect seeds 
plant'"" (Tables 46 and 47). 
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Table 46. Effect of rate of nitrapyrin on corn grain moisture, grain yield, seed 
mass, and seeds plant""' for corn following soybean in 1992 on ttie 
Bruner farm near Ames, lA 
Nitrapyrin 
Grain 
moisture 
Grain 
yield 
Seed 
mass® 
Seeds 
plant"T 
L ha""' % Ma ha'l a number 
0 21.64 14.14 55.57 821.94 
0.9 21.74 14.26 55.95 824.52 
1.8 22.37 14.06 56.10 817.86 
3.6 21.67 14.27 55.66 828.97 
LSDb NS NS NS NS 
®Seed mass based on 200 seed count. 
^Least significant difference (LSD) at 0.05 level of probability. 
Table 47. Effect of rate of nitrapyrin on corn grain moisture, grain yield, seed 
mass, and seeds plant"^ for corn following corn in 1992 on the 
Bruner farm near Ames, lA 
Nitrapyrin 
Grain 
moisture 
Grain 
yield 
Seed 
mass® 
Seeds 
plant"' 
L ha"^ % Ma ha'l a number 
0 21.61 13.21 53.91 704.79 
0.9 21.81 13.37 54.96 700.91 
1.8 22.21 13.29 55.38 692.60 
3.6 21.56 13.25 55.30 687.79 
LSD^ 0.59 NS 0.97 NS 
®Seed mass based on 200 seed count. 
^Least significant difference (LSD) at 0.05 level of probability. 
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Below et al. (1991) reported that later availability of a mixed source of N 
produced greater kernels plant'"". They found that plants supplied with a mixed 
source of N until VI4 produced 2.8% more seeds plant'^  compared to supplying a 
mixed source until V7. Maddux and Barber (1991) concluded that a mixed N 
supply near anthesis produced greater kernels plant"\ Their finding confirm the 
trends in our study. 
Qualitative comparison among SB-C and C-C showed that on a single plant 
basis, SB-C produced more seeds plant""" for stage of treatment, rate of N, and 
rate of NI (Tables 42-46). Differences in seeds plant'^  were as great as 22%. 
Greater seeds planf^ may be the result of an early supply of NH4-N from readily 
mineralizable organic matter. 
Figure 13 displays the qualitative difference between previous crops. For C-C 
it seemed apparent that later treatment, V8, produced more seeds plant"^ at each 
rate of N, whereas the SB-C rotation tended to produce less seeds plant'^  with 
later stages. If seeds plant"^ were a result of enhanced NH4-N supply, SB-C 
rotation may have an advantage in that NH4-N was available early in the growing 
season where It was tied up in microbial biomass in a C-C system. 
Several researchers (Crookston et al., 1988, 1991; Peterson and Varvel, 1989a; 
Edwards et al., 1988; and Shrader and Voss, 1980) have reported a 5-15% 
reduction in grain yield in C-C rotation compared to SB-C. Peterson and Varvel 
(1989b) contend the yield reduction for C-C can be overcome by additional N. 
They further reported maximum yield of corn in SB-C rotation was achieved with 90 
106 
kg N ha'\ whereas in the C-C rotation at least 180 kg N ha"^ was required for 
maximum yield. Our data implied that the addition and maintenance of NH^+ ions 
in the soil likely did not alleviate the rotation effect caused by the beneficial effect of 
SB-C or the negative effect of C-C rotation. It may be that NH4-N in a C-C system 
remained immobilized during the time kernel differentiation was occurring. Maddux 
and Barber (1991) reported that kernels ear"^ were reduced when NH4-N was not 
maintained. 
Figure 14 shows a trend to increased seeds plant""' at V4 and V8 with 
increased rates of NI. At V6 the trend was opposite with the greatest number of 
seeds plant'^  occurring without NI and decreased seed numbers with increased 
rates of NI. Reduced seeds plant'^  at V6 may indicate that an enhanced NH4-N 
supply applied at that stage may be somewhat toxic. 
Grain yield 
The single factor stage of treatment was not significant for SB-C (Table 40), 
however it was significant (P<0.01) for C-C (Table 41). The S x U interaction was 
different for SB-C (Table 40). Yield was not affected by rate of N or NI for either 
previous crop. 
Yield was not influenced by stage of treatment for SB-C (Table 42). Table 43 
shows the effect of stage of treatment on grain yield. Treatment at V4 produced 
the lowest grain yield followed by V6 and VS. Yield of corn grain at VB was 6.4% 
and 2.6% greater than V4 and V6, respectively. 
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Figure 13. Effect of stage of treatment and rate of N on the number of seeds 
plant""' for SB C (upper panel), and C-C (lower panel) in 1992. Error 
bars represent the standard error of mean 
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Less yield response at V4 and V6 may have been due to prevailing precipitation 
patterns. Prior to V4 and V6 application, there was an extended dry period that 
likely promoted root growth to greater depths in the soil profile, consequently the 
applied N may have been positionally unavailable (Fig. A1). Shortly after the V8 
application, adequate rainfall events occurred which may have made the applied N 
more available for root uptake. This effect likely resulted in the yield advantage for 
the V8 application. 
Below et al. (1991) observed that a N supply maintained until VI4 produced 
4.9% more grain yield than supplying plants until V7. Maddux and Barker (1991) 
reported greater grain yield when fertilized at V6 with a mixed N source. Their data 
showed that point injection of UAN with NI in the row produced 7% more grain 
yield than injecting 15 cm to the side of the row. Gentry and Below (1992) found 
that maize plants supplied with mixed N at R2 produced the same grain yield as 
those supplied with mixed N continuously. Additionally, they observed a 6% 
increase in grain yield when mixed N was supplied between VI4 and R2, whereas 
supply of mixed N until V7 did not increase grain yield. Hanson et al. (1986) 
indicated that use of NI with UAN increased N use efficiency under conditions 
conducive to high N losses or when carryover N is very low. 
The S x U interaction showed a trend to greater yield with 90 kg N ha'^  at V6 
(Fig. 15). At V8 the yields were similar among all N rates which suggests that the 
application at V8 may have been too late to benefit yield. 
110 
Yield responses were likely due to the trends to greater seeds plant""'. Figure 
13a demonstrates the response of seeds plant'** to stage of application and rate of 
point injected N. The variation in height of the bars corresponds closely to the 
response of yield caused by stage of treatment and rate of N (Fig. 15). This 
suggests that yield differences were probably the result of the number of seeds 
plant"^ and not due to differences in seed mass. 
Olsen et al. (1991) observed that grain yield Increased with treatments that 
increased the amount of N in the NH4+ form. Huffman (1989) contended that 
applications of N forms containing NH^-N and with the use of NI, extended the 
duration of NH4-N uptake. Maddux and Barber (1991) observed a 7% yield 
increase In corn when UAN was applied at V6 compared to NH4NO3. 
Simple correlations indicate that seeds plant'** was strongly associated (r=0.81 ; 
P<0.01; n=72) with yield for the SB C rotation, whereas seed mass was not 
correlated (Table 48). Table 49 indicates that the relationship between seeds 
plant'^  and yield was similar for C-C (r=0.80; P<0.01; n=72). Additionally, seed 
mass was positively related (r=0.38: P<0.01; n=72) to corn yield (Table 49). This 
may suggest that when in C-C rotation, grain yield was limited by both seeds plant' 
** and seed mass, while corn grown in SB-C rotation was only limited by seeds 
plant""*. 
Comparison among previous crops seemed to show a typical rotation effect. 
At each stage of treatment, rate of N, and rate of NI corn grain yield was lower in 
the C-C rotation (Tables 42-47). 
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Figure 15. Effect of stage of treatment and rate of N on corn grain yield for 
SB-C in 1992. Error bars represent tine standard error of mean 
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The yields were approximately 8% greater for SB-C compared to C-C. Lower yield 
in the C-C rotation was reflected in the yield components. Seed mass was nearly 
2.4% less across treatments for C-C, and seeds plant"^ were from 12 to 18% less 
for the C-C rotation (Tables 42-47). Figure 13 indicates how seeds plant'^  were 
affected by stage of treatment and rate of N; fewer seeds plant'^  may be a 
manifestation of the rotation effect. 
Since seeds plant"^ was an important yield component and was reduced in 
C-C, it may be that the benefit of mixed N throughout the growing season likely 
contributed to greater seeds piant*^ and increased yield. 
Several researcher (Below et al., 1991; Bock et al., 1991; Czyzewivz and Below, 
1992; Tsai et al., 1991; and Alexander et al., 1991) have determined that seeds 
plant'"* contribute more to increased yield than increased seed mass. An apparent 
advantage in seed plant'^  for SB-C may suggest that NH^-N was available early in 
the growing season, especially during kernel differentiation. The NH^-N source 
was likely from mineralization of low C:N organic matter in the SB-C rotation. In 
the C-C system, that source of N may not have been available due to the high C:N 
ratio of the corn residue. 
Stevenson (1988) observed that approximately 15% of the applied N was 
available during the second growing season. Larson et al. (1972) estimated that 
the amount of applied N immobilized in the 0- to 15-cm layer of soil was 
approximately 71 kg ha'^  yr'\ 
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Table 48. Simple correlations for the variables measured for SB-C on the 
Bruner farm in 1992 
Variable N-ratio NH4-N NO3-N 
Seed 
mass 
Seeds 
plant""' 
Grain 
yield 
N-ratio 1.0 0.66** 0.13 -0.01 -0.01 •0.03 
NH4-N 1.0 0.70** 0.17 -0.05 0.01 
NO3-N 1.0 0.21 -0.02 0.06 
Seed 1.0 -0.35** 0.17 
mass 
Seeds 1.0 0.81** 
plant"'' 
Grain 1.0 
yield 
*,** Significant at the 0.05 and 0.01 level, respectively. 
n=72 
Table 49. Simple correlations for the variables measured for C-C on the Bruner 
farm in 1992 
Variable N-ratio NH4-N NO3-N 
Seed 
mass 
Seeds 
plant""' 
Grain 
yield 
N-ratio 1.0 0.69** 0.16 0.26* -0.03 0.13 
NH4-N 1.0 0.70** 0.14 -0.06 0.04 
NO3-N 1.0 -0.20 -0.05 -0.17 
Seed 
mass 
1.0 •0.03 0.39** 
Seeds 
plant"' 
1.0 0.80** 
Grain 
yield 
1.0 
*,** Significant at the 0.05 and 0.01 level, respectively. 
n=72 
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Further, Stevenson (1986) indicated that net gains of mineral N have been shown 
when the C:N ratio of added OM was less than 20. Conversely, there was neither 
a gain or loss of mineral N with a C:N ratio of 20 to 30, and a net loss of N to 
immobilization if the C;N ratio exceeded 30. 
SoilN 
NOg-N: The single factors time, UAN, and NI were significant for SB-C and C-C 
(Tables 50 and 51). In addition, the single factor stage of treatment was different 
for C-C. The T x U and T x S x U x NI interactions were significant for SB-C and 
the T X U and U x NI interactions for C-C (Tables 50 and 51). 
The stage of application had no effect on the NO3-N concentration for SB-C 
(Table 52). Table 53 shows that the NO3-N concentration in the point injection 
zone was 69% greater at V4 than V8. The lower concentration for V8 may be due 
to leaching of NO3-N from the zone caused by heavy precipitation. 
Table of means for the main effects showed that NO3-N concentration in the 
point injection zone decreased 104% from 2- to 8-wk post application for SB-C in 
1991 (Table 52). The response for C-C was similar to that of SB-C (Table 53). The 
NO3-N concentration in the point injection zone was 186% greater for 2-wk than for 
8-wk post application. The reduction was likely the result of plant uptake and 
possible leaching from the soil sample zone due to heavy precipitation (Fig. A1 ; 
Appendix). 
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Table 50. Mean squares and significance for soil NO3-N, NH4-N, and the N-
ratio for corn following soybean in 1992 on the Bruner farm 
Soil-N (ma ko'"*) 
Source df NO3-N NH4-N N-ratio 
Replication (R) 2 5633 36843 4.4 
Stage (S) 1 42202 89693 7.5 
error (a) 2 5943 8591 10.1 
Time (T) 1 30693** 424742** 0.003 
T x S  1 3756 2037 63.6** 
error (b) 4 1016 12461 4.1 
UAN (U) 2 30969** 574810** 176** 
Tx U 2 12476** 136088** 6.3 
S x U  2 5721 17589 6.4 
T x S x U  2 3836 3135 17.1* 
error (c) 16 2100 7202 3.6 
Nitrapyrin (NI) 3 2409* 13367* 47.2** 
Tx NI 3 295 2558 4.2 
Sx NI 3 735 8076 9.6* 
U X NI 6 745 4015 15.4** 
T X S X NI 3 1300 2825 1.4 
T X U X NI 6 1323 2388 2.7 
S X U X NI 6 945 8558 2.5 
T X S X U X NI 6 2537** 8771 5.6 
error (d) 72 803 3525 2.9 
*,** Significant at 0.05 and 0.01 level of probability, respectively. 
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Table 51. Mean squares and significance for soil NO3-N, NH4-N, and the N-
ratlo for corn following corn in 1992 on the Bruner rarm 
Soil-N (ma ka'^ 1 
Source df NOg-N NH4-N N-ratio 
Replication (R) 2 1721 1380 9.3 
Stage (S) 1 6706* 1278 47.7* 
error (a) 2 307 2732 2.2 
Time (T) 1 23150** 204482** 5.0 
T x S  1 2705 2265 19.7 
error (b) 4 454 2070 77.7 
UAN (U) 2 14126** 205124** 39.2** 
Tx U 2 5097** 57245** 4.8* 
Sx U 2 6696 2858 2.8 
T x S x U  2 723 3911 1.9 
error (c) 16 262 135 3.2 
Nitrapyrin (NI) 3 623** 22752** 28.2** 
Tx NI 3 192 6757** 1.4 
Sx NI 3 140 3834* 6.4 
U x N I  6 788** 15327** 8.2** 
T x S X NI 3 47 3743* 4.9 
T X U X NI 6 257 7341** 4.1 
S X U X NI 6 209 2535 3.0 
T X S X U X NI 6 42 2317 1.8 
error (d) 72 141 1387 2.8 
*,** Significant at 0.05 and 0.01 level of probability, respectively. 
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Table 52. Response of main effect of soil NOo-N, NH4-N, and the N-ratio for 
corn following soybean in 1992 on the Bruner farm near Ames, lA 
Main Soil-N fmc ka'^ ^ 
effect NO3-N NH4-N N-ratio® 
Stage 
V4 59.79 143.70 2.40 
V8 25.55 93.79 3.67 
LSOb NS NS NS 
Time 
2-week 57.27 173.05 3.02 
8-week 28.07 64.43 2.30 
LSD 14.76 51.66 NS 
UAN (kg N ha""") 
0 15.03 9.30 0.62 
45 47.99 118.76 2.47 
90 64.99 228.16 3.51 
LSD 19.83 36.73 0.82 
Nitrapyrin (L ha':) 
0 52.85 101.02 1.91 
0.9 45.13 103.21 2.29 
1.8 38.74 137.09 3.54 
3.6 33.97 133.65 3.93 
LSD 13.32 27.89 0.80 
® N-ratio (statistical) = NH4-N / NO3-N. 
^ Least significant difference (LSD) at 0.05 level of probability. 
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Table 53. Response of main effect of soil NOo-N, NH4-N, and the N-ratio for 
corn following corn in 1992 on the Bruner farm near Ames, lA 
Main Soil-N fma kc'"*^ 
effect NO3-N NH4-N N-ratio^ 
Stage 
V4 33.29 65.08 1.95 
V8 19.65 71.71 3.65 
LSDb 9.11 NS 1.07 
Time 
2-week 39.19 106.02 2.71 
8-week 13.68 30.19 2.21 
LSD 9.89 21.13 NS 
UAN (kg N ha""") 
0 10.26 5.54 0.54 
45 24.26 61.45 2.53 
90 45.46 139.61 3.07 
LSD 7.04 19.10 0.78 
Nitrapyrin 
(L ha-"") 
0 25.52 34.76 1.36 
0.9 29.86 81.03 2.71 
1.8 29.92 93.57 3.13 
3.6 20.86 64.45 3.09 
LSD 5.86 17.57 0.79 
® N-ratio (statistical) = NH4-N / NO3-N. 
Least significant difference (LSD) at 0.05 level of probability. 
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The 90 kg N rate had the greatest NO3-N concentration in the injection zone 
and decreased with decreasing N rate (Table 52). Nitrate concentration for 90 kg 
N was 35 and 330% greater than 45 and 0 kg N ha'^ , respectively. 
Figure 16a shows that with time and a specific rate of N, the NO3-N 
concentration decreased significantly for SB-C. The 0 kg N application maintained 
similar concentrations of NO3-N over time, whereas the 45 and 90 kg N rates had 
the greatest concentration at 2-wk followed by a dramatic decrease from 2- to 8-wk 
post application. For C-C (Fig. 17a), the trend of the NO3-N versus N rate and 
time was similar to the SB-C rotation (Fig. 16a). At the same rates, however, the 
NO3-N concentration for C-C appeared to be less than that of SB-C. The 
reductions in soil NO3-N concentrations in both SB-C and C-C were likely due to 
plant uptake of N, leaching caused by wet soil conditions, and immobilization of 
NH4-N by corn residue that would potentially be nitrified and contributed to the 
NO3-N pool. 
Rate of NI affected the NO3-N concentration in the point injection zone for 
SB-C and C-C (Tables 52 and 53). The greatest concentration of NO3-N occurred 
with 0 L NI ha"^ and decreased with increased rates of NI for SB-C; the lowest 
rate, 0 L NI ha'\ provided 17, 36, and 56% more NO3-N than 0.9, 1.8, and 3.6 L NI 
ha'\ respectively (Table 52). Results for the C-C rotation indicate the greatest 
NO3-N concentration in the point injection zone occurred with the two intermediate 
rates of NI. The SB-C response suggests that nitrification was slowed since 
nitrification of the NH4-N pool may have contributed to increases in the NO3-N 
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pool, whereas the C-C response may be associated with immobilization, and plant 
uptake of NH4-N which limited the NH4-N source for nitrification. 
Figure 18a shows that increased rates of NI tended to suppress the amount of 
NO3-N entering the soil N pool. The addition of NI without any additional N may 
have prevented mineralized N from being nitrified. The medium N rate had similar 
NO3-N concentrations in the point injection zone to the high rate of N, but greater 
than 0 kg N ha'\ The 90 kg N rate had greater NO3-N concentration in the point 
injection zone for 0.9 and 1.8 L Nl ha'l compared to either 0 L NI or 3.6 L Nl ha'\ 
NH>j-N: The single factors time, UAN, and Nl were different for both SB-C and 
C-C (Tables 50 and 51). For SB-C the T x U interaction was significant (P<0.01). 
The T X U, T X Nl, S X Nl, U X Nl, T X S X NI, and the T x U x NI interactions were 
different for C-C (Table 51). 
Table 52 showed the response of the main effects for SB-C. The NH4-N 
concentration in the point injection zone decreased significantly with time. The 
concentration decreased 168% from 2 to 8 wk. In the C-C rotation, the NH4-N 
concentration decreased 71% during the same period (Table 53). The decrease 
was likely due to nitrification and plant uptake. 
Figure 16b illustrates that the NH4-N concentration decreased with time at each 
rate of N. The T x U interaction showed a trend to decreased NH4-N 
concentration with time at each N rate for SB-C (Fig. 16b). The addition of 45 kg 
N decreased approximately 50% for 2- to 8-wk post application, and 90 kg N 
decreased approximately 66% in the same period of time. 
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Figure 16. Effect of time and rate of N as UAN on the a) NO3-N, and b) NH4-N 
concentration in the point injection zone for SB-C in 1992. Error bars 
represent the standard error of mean 
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Figure 17. Effect of time and rate of N as UAN on the a) NO3-N, and b) NH4-N 
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The reduction in NH4-N concentration was lil<ely due to the conversion of NH4-N to 
NO3-N by nitrification and by plant uptake. Based on data from the 0 kg N 
treatment, the ambient soil NH4-N concentration in the point injection zone was 
between 7 and 12 mg kg""' dry soil which was likely from mineralization of SB 
residue (Fig. 16b). A similar response occurred in the C-C rotation (Fig. 17b), 
The rate of N produced dramatic differences in the NH4-N concentration for 
SB-C and C-C (Tables 52 and 53). The lowest NH4-N concentration occurred 
without additional N followed by 45 and 90 kg N ha'\ The 45 and 90 kg N 
treatments were 12 and 24-fold greater than the 0 kg N treatment, respectively. 
The 90 kg N treatment was 92% greater than 45 kg N ha"'' (Table 52). For C-C, 
the 90 kg N rate was 1.3- and 24-fold greater than 45 and 0 kg N, respectively 
(Table 53). 
Figure 18b shows the effect of rate of N and rate of NI on the NH4-N 
concentration in the point injection zone. The addition of NI resulted in increased 
NH4-N concentrations in the point injection zone at 45 and 90 kg N ha"^. Little 
response to NI was observed when NI was point injected without additional N. 
Figure 19 indicated that with the addition of NI the NH4-N concentration tended 
to be greater at each stage of treatment. At V8 the NH4-N concentration at 1.8 
and 3.6 L NI ha*^ was greater than V4. The addition of 0.9 L NI ha*^ produced 
similar NH4-N concentrations at V4 and V8. It was apparent that addition of NI 
was effective at maintaining enhanced NH4-N concentrations in the point injection 
zone at each stage compared to 0 L NI ha'\ 
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Rate of NI provided greater NH4-N concentrations in tine point injection zone 
for SB C and C-C (Table 52 and 53). For the SB-C rotation, the NH4-N 
concentration was 2, 36, and 32% greater for 0.9,1.8, and 3.6 L NI ha'\ 
respectively, compared to 0 L NI ha*^. Table 53 shows the mean NH4-N 
concentrations for each rate of NI in the C-C rotation. The NH4-N concentration 
was 133, 169, and 85% greater for 0.9, 1.8, and 3.6 L NI ha'\ respectively, 
compared to 0 L NI ha"\ The lower concentration in the C-C rotation may be 
associated with immobilization of soil NH4-N. 
Figure 20 demonstrates the effect of time and rate of NI on the NH4-N 
concentration at 45 and 90 kg N ha'\ The 0.9, 1.8, and 3.6 L NI ha"^ rates 
provided more soil NH4-N in the point injection zone than 0 L NI ha'\ Plant 
removal and nitrification likely caused lower concentrations at the 8 wk sample 
time. 
Larsen et al. (1972) estimated that the amount of N immobilized in the 0- to 
15-cm layer of soil was approximately 71 kg N ha'l yr"\ From 10 to 40% of the 
applied fertilizer N may be incorporated into organic forms during the first growing 
season. Frye et al. (1980) suggested that the amount of NOg' and NH4+ in soils 
treated with NI will eventually reach the levels of non-treated soil, but it was during 
that time that the benefits of NI were realized. 
Hendrickson et al. (1978a) showed that fall-applied anhydrous had 50% of the 
applied N in the NH4+ form with the use of NI, whereas 80% of the band was 
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nitrified without the use of NI. They found that nitrification was completely inhibited 
for 15 d and partial control was maintained for 49 d after treatment. 
Hanson et al. (1986) observed that the interactive effect of rate of N x NI was 
most evident with UAN and suggested less loss of N as NO3-N by leaching 
because the nitrification of the NH4+ in the UAN was inhibited by NI. Chancy and 
Kamprath (1982) found that 66% of the soil Inorganic N was in the NH4-N form for 
34-d after application when NI was added with urea, Hendrickson et al. (1978a) 
observed similar results. 
N-ratio: The single factors UAN and NI were significant for SB-C as were the 
T X S, S X NI, U X NI, and T x S x U interactions (Table 50). For the C-C rotation 
the single factors stage, UAN, and NI were different (Table 51). In addition, the 
T X U and U x NI interactions were significant at the 0.05 and 0.01 level, 
respectively (Table 51). 
The greatest N-ratio was observed with the addition of 90 kg N ha'^  followed 
by 45 and 0 kg N ha"^ for both SB-C and C-C (Table 52 and 53). For the SB-C 
system, the N-ratio was more than 3.0-fold greater for 45 and 90 kg N than to 0 kg 
N ha'\ The N-ratio for 45 and 90 kg N ha'^  was more than 4.7-fold greater than 0 
kg N ha'^  for C-C (Table 53). Generally, the N-ratio for SB-C was greater than for 
C-C. This was likely the result of crop residue with a low C:N ratio in the SB-C 
rotation. 
The effect of time and stage of application are shown in Fig. 21. It appears 
that application at V8 provided the greatest N-ratio at 2-wk post application. 
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whereas the opposite effect was evident after 8-wl< post application. The increased 
N-ratio at V4 may be associated with mineralization of organic residue with a low 
C;N ratio, thus a net contribution of NH4-N to the system. 
Figure 22 shows effect of time and rate of N for the N-ratio in the point injection 
zone. At 2-wk post application the N-ratio between 45 and 90 kg N was similar, 
but after 8-wk the N-ratio for 45 kg N was considerably lower than 90 kg N ha'\ 
The N-ratio with the addition of 0 kg N remained virtually unchanged. The 
reduction in N-ratio with time for 45 kg N ha'l may have been the result of plant 
uptake of the NH4-N which decreased the soil NH4-N pool, thus the reduction in 
the N-ratio. The lack of reduction of the N-ratio for 90 kg N ha'^  was possibly due 
to the relative abundance of NH4-N for the higher N rate. 
The use of NI significantly influenced the N-ratio for SB-C (Table 52). The use 
of 3.6 L NI ha'^  provided a N-ratio 11, 72, and 143% greater than 1.8, 0.9, and 0 L 
NI ha'\ respectively. Similarly, the use of NI contributed to greater N-ratios in the 
C-C rotation (Table 53). The N-ratio was 99, 127, 130% greater for 0.9, 1.8, and 
3.6 L NI ha'\ respectively, compared with no NI. These results suggest that use of 
NI in either rotation provides a potentially increased N-ratio and that the use of NI 
was important for inhibiting the nitrification process and maintaining an enhanced 
NH4-N supply in the point injection zone. 
The use of NI at V4 and V8 provided similar responses (Fig. 23). The trend 
was to an increased N-ratio with increased rate of NI, with the highest rate of NI 
providing the highest N-ratio in the point injection zone. At V4 the N-ratio for 0 and 
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0.9 L NI ha'^  rates were similar, whereas at V8 the 0.9 L NI ha'"" provided a greater 
N-ratio. 
Figure 24 shows the N-ratio for both previous crops. The N-ratio for the SB-C 
rotation appears greater at each rate of N and NI (Fig. 24a). The addition of NI to 
the SB-C rotation without additional N seemed to produce a greater N-ratio than 
without addition of NI which was iikely the inhibition of nitrification of mineralized 
organic N. The N-ratio in the C-C rotation was much greater with the addition of NI 
at 45 and 90 kg N ha'l compared to 0 kg N ha'\ This suggests that NI was 
important in maintaining an enhanced ammonium supply. 
Hendrickson et ai. (1978a) observed that the use of NI had a positive affect on 
the soil N-ratio. They found that with the addition of 84 kg N ha'^  the N-ratio was 
1.7 without NI and 2.4 with the addition of NI. Additionally, they indicated that it 
was possible to obtain N-ratio's as high as 12 with extremely high rates of NI. 
131 
6.0 
^ Stage V4 
^ Stage V8 
/—s 
z 
I 4.5 K) 
O 
z 
z 
I 
X 
z 
3.0 
o 
2 
I 
z 
0.0 
2 8 
Weeks Post Application 
Figure 21. Effect of time and stage of application on the soil N-ratio in the 
point injection zone for SB-C in 1992. Error bars represent the 
standard error of mean 
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Figure 22. Effect of time and rate of N on the soil N-ratio in the point 
injection zone for C-C in 1992. Error bars represent the standard 
error of mean 
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injection zone for a) SB-C, and b) C-C in 1992. Error bars represent 
the standard error of mean 
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Experiment ll-B 
Experiment ll-B was conducted on the Bennett farm south of Ames, lA. The 
experiment consisted of a multiple split-plot design with 8 replications. Treatments 
included four rates of N as UAN, and four rates of nitrapyrin (NI). The previous 
crop was corn. The experimental area was planted to Pioneer 3417, a mid season 
hybrid, at approximately 60,000 plants ha'\ 
Data were analyzed by analysis of variance (ANOVA) for the main effects and 
• interactions (Table 54). For comparison of treatment means, a least significant 
difference (LSD) test at P=0.05 level was used. All main effects and interactions 
were considered different if P<0.05 level of probability. 
Grain moisture 
Grain moisture was not affected by rate of N or rate of NI (Table 54), although 
a trend existed for the U x NI interaction (P=0.12). 
Table 55 shows the means of the main effects for grain moisture. Rate of N 
had a narrow range in grain moisture which was not sufficient for significance. 
l_abios (1989) found that increased rate of N applied in a split application caused 
an increase in grain moisture; this was not evident in this experiment. Similarly, a 
response to NI was not evident (Table 55). The U x NI interaction suggested that 
grain moisture tended to decrease with the addition of NI (Fig. 25). Labios (1989) 
observed that the addition of NI significantly lowered grain moisture of corn, while 
Christensen and Huffman (1992) observed that the addition of NI consistently 
lowered grain moisture irrespective of the rate of N. 
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Table 54. Mean squares and significance of variables measured on the Bennett 
farm south of Ames, lA in 1992 
Source 
Grain Grain 
df yield moisture 
Seed 
mass 
Seeds 
plant'T 
Replication 7 1207 1.2 45.6 5380 
UAN (U) 
error (a) 
Nitrapyrin (NI) 
3 
21 
3 
84 
76 
112 
0.8 
0.9 
0.3 
10.9 
9.3 
7.5 
335 
1727 
950 
U x N I  
error (b) 
9 
84 
133 
113 
1.4 
0.9 
3.7 
3.8 
1550 
1162 
Table 55. Effect of rate of N and rate of NI on the variables measured on the 
Bennett farm south of Ames, lA 
Main 
effect 
Grain 
yield 
Grain 
moisture 
Seed, 
mass® Seeds plant"' 
UAN , (kg N ha"^) Ma ha'l % a number 
0 12.87 25.76 60.84 597.08 
45 13.09 25.38 60.98 595.03 
90 12.99 25.58 60.61 600.96 
180 13.06 25.59 61.22 601.90 
LSD NS NS NS NS 
NI (L ha-l) 
0 13.14 25.59 61.49 602.09 
1.2 12.99 25.56 60.68 604.04 
2.4 13.05 25.45 60.81 596.91 
4.8 12.86 25.69 61.66 591.93 
LSD NS NS NS NS 
® Seed mass was based on a 200 seed sample. 
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Yield components 
Seed mass: Seed mass was not different among rates of N (Table 55). Lack of 
a response to applied N was similar to the response observed in Experiment I and 
ll-A for C-C. Several researchers (Czyzewicz and Below, 1992; Below et al., 1991; 
and Bock et al., 1991) found that seed mass was not significantly influenced by the 
rate of N. 
In addition to lack of response to N, there was no response to rate of NI (Table 
55). The lack of response to either rate of N, or NI may have been related to the N 
uptake patterns for low-fertility hybrid (Dow Chem.). 
Seeds olant'^  : Similar to seed mass, seeds plant"^ was unaffected by rate of N 
or rate of NI (Table 55). In Experiments I and ll-A seeds plant'^  were found to be 
the primary limiting factor in grain yield of corn. Similar findings have been 
observed by other researchers (Brandau and Below, 1992; Czyzewicz and Below, 
1992; Below et al., 1991; and Bock et al., 1991). 
Grain yield 
Grain yield of corn was not influenced by treatment (Table 55). The lack of 
response to treatment for the yield components was reflected in grain yields. 
Generally, the addition of N tends to increase yield of corn until the maximum yield 
potential has been reached. The lack of a yield response may have been that 
application of additional N in the experiment exceeded that needed by the crop, or 
that the additional N may have been positionally unavailable to the crop. 
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Since the precipitation patterns were below normal for April and May in 1992 
(Fig. A1), it seemed likely that positional unavailability of the applied N may have 
been responsible for the lack of response. 
The lack of response may also have been due to type of hybrid. Hybrids 
commonly referred to as early-, medium-, and late-maturity have also been 
classified as low-, medium- and high-fertility hybrids based on their N uptake 
patterns (Dow Chem., 1986), Generally, grain yield of low- and medium-fertility 
hybrids may be increased by increasing the plant population and not by increasing 
rate of N beyond the optimum (Tsai et al., 1984). Since P3417 was a mid-maturity 
hybrid, the lack of response may have been because a m^ority of the N had 
already been taken up by the crop and no additional N was required. 
Experiment III 
Experiment III was conducted on the Burkey farm in 1990 and 1991. In 1990, 
P3377 and P3379 were planted in strips on corn and soybean ground. In 1991, 
P3615, P3503, and P3377 were planted in strips on corn ground. In both years 
corn was planted at approximately 60,000 plants ha"\ Factorial combinations of 
DAN and NI were applied at various growth stages. 
Data were analyzed by analysis of variance (ANOVA) for main effects and 
interactions. For a comparison of treatment means, a least significant difference 
(LSD) test was used at P=0.05 level of probability. Since hybrids were not 
different in 1990, the data were reanalyzed across hybrid. 
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Grain moisture 
In 1990, the single factor rate of N was significant (P=0.05) (Table 56). Grain 
moisture was not influenced by previous crop, or rate of NI (Table 56). The 
ANOVA table for 1991 showed that hybrids had different grain moistures (P<0.01). 
Similarly, stage of treatment, rate of N, or rate of NI influenced grain moisture 
(Table 57). The H x S interaction was significantly different (P<0.05) in 1991 
(Table 57). 
Table 58 shows that mean grain moisture content was greatest with treatment 
occurring at later stages of vegetative development; V4 stage had 10% less grain 
moisture than the V8 stage. 
In 1991, a similar trend occurred among hybrids (Fig. 25). Within a single 
hybrid, grain moisture content was greater with treatment at later stages of 
vegetative development. This suggested that application of N at early stages of 
vegetative development could cause hybrids to have less grain moisture at harvest. 
Since the VS stage was not treated in 1991, it provided a check treatment which 
confirmed that early application of N reduced grain moisture (Fig, 25). 
In 1990, rate of point injected N had a significant affect on grain moisture. 
Application of 90 kg N ha"^ produced grain with 2% less moisture than application 
of 45 kg N ha'^  (Table 58). Labios (1989) found the opposite effect with additional 
N. He found that addition of 231 kg N ha'^  increased the grain moisture content 
compared to 0 kg N ha'\ Additionally, he concluded that split application of N 
increased grain moisture content when compared to preplant applications. 
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Table 56. Mean squares and significance of variables measured on the Burkey 
farm in 1990 for SB-C and C-C 
Grain Grain Seed 
Source df yield moisture mass 
Rep (R) 1 80 15 6 
Crop (C) 1 5807** 67 14 
error (a) 1 0.003 7 2 
Stage (S) 1 47 36 0.5 
CxS 1 72 5 4 
error (b) 46 1 2 
UAN (U) 1 23** 2* 0.3 
CxU 1 217** 0.1 2* 
SxU 1 1 0.1 0.1 
CxSxU 1 38** 0.5 2* 
error (c) 4 1 0.1 0.3 
Nitrapyrin (NI) 2 17 0.7 0.3 
CxNI 2 148** 2 0.9* 
SxNI 2 15 1 2** 
UxNI 2 2 0.4 2 
CxSxNI 2 49 0.5 1 
CxUxNI 2 8 0.4 0.2 
SxUxNI 2 4 1 0.01 
CxSxUxNI 2 29 0.6 0.8 
error (d) 16 20 0.6 0.3 
*, ** Significant at 0.05 and 0.01 level, respectively. 
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Table 57. Mean squares and significance of variables measured in the multiple 
hybrid study for C-C in 1991 
Source df 
Grain 
yield 
Grain 
moisture 
Seed 
mass 
Block (B) 1 659 0.8 4.5 
Hybrid (H) 2 8874 348** 11.4 
error (a) 2 1893 0.1 36.7 
Stage (S) 2 267 0.3 13.2 
HxS 4 467 1.5* 3.5 
error (b) 6 302 0.6 3.2 
UAN (U) 1 55 0.3 12.4* 
HxU 2 21 0.4 1.1 
SxU 2 70 0.2 0.9 
HxSxU 4 104 0.4 2.8 
error (c) 9 59 0.4 1.3 
Nitrapyrin 
(NI) 
4 52 0.1 5.5 
HxNI 4 182 0.5 1.1 
SxNI 4 79 0.3 5.9 
UxNI 2 117 0.1 2.4 
HxSxNI 8 115 0.3 5.4 
HxUxNI 4 116 0.2 3.1 
SxUxNI 4 55 0.9 4.8 
HxSxUxNI 8 84 0.5 4.2 
error (d) 36 150 0.4 3.9 
*, ** Significant at 0.05 and 0.01 level, respectively. 
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Table 58. Main effect response of grain yield, grain moisture, and seed mass 
for SB-C and C-C in 1990 on the Burkey farm near Boone, lA 
Main 
effect 
Grain 
yield 
Grain 
moisture 
Seed 
mass 
Crop Ma ha'l % a 
SB 10.72 14.80 48.45 
C 9.34 17.17 49.52 
LSOa 0.004 NS NS 
Stage 
V4 10.10 15.12 49.09 
V8 9.97 16.86 48.89 
LSD NS 1.39 NS 
UAN (kg N ha""') 
45 10.03 16.16 48.91 
90 9.97 15.81 49.07 
LSD NS 0.26 NS 
Nitrapyrin (L ha"'') 
0 9.91 15.78 48.86 
0.6 10.03 15.98 49.15 
2.4 10.10 16.19 48.95 
LSD NS NS NS 
® Least significant difference (LSD) at 0.05 level of probability. 
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Table 59. Mean response of main effects for the multiple hybrid study on the 
Burkey farm for C-C in 1991 
Main 
effect 
Grain 
yield 
Grain 
moisture 
Seed 
mass 
Hybrid Ma ha'l % a 
P3377 12.75 20.29 58.53 
P3503 11.99 17.79 58.38 
P3615 10.71 14,03 59.35 
LSD® NS 0.26 NS 
Stage 
V4 11.97 17.28 59.21 
V6 11.84 17.42 58.99 
V8 11.65 17.42 58.07 
LSD NS NS NS 
UAN (kg N ha"^) 
45 11.77 17.36 58.49 
90 11.87 17.38 59.02 
LSD NS NS 0.50 
NI (L ha-1) 
0 11.85 17.24 58.66 
0.75 11.73 17.47 59.22 
1.5 11.87 17.42 58.41 
LSD NS NS NS 
®Least significant difference (LSD) at 0.05 level of probability. 
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Figure 25. Effect of hybrid and stage of treatment on the grain moisture of 
corn for C-C in 1991. Error bars represent the standard error of 
mean 
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Seed mass 
The C X U, C X S X U, C X NI, and the S x NI interactions were significant 
(P<0.05) in 1990 (Table 56). In 1991 the single factor rate of N was significant 
(P<0.05) (Table 57). Although not significant, there was a trend (P<0.07) for stage 
of treatment. 
Table 59 shows that later treatment tended to cause reduced seed mass. 
Treatment at V4 had 1.9% greater seed mass than V8, which was not treated. This 
suggests that application of point injected N produced greater seed mass in 1990. 
The C X U interaction suggested that seed mass was greater with similar rates 
of N for C-C compared to SB C (Fig. 26). The application of 90 kg N ha"^ for C-C 
produced 3.1% greater seed mass than SB-C at the same rate of N (Fig. 26). 
Reduced seed mass in the SB-C rotation in 1990 may have been due to a greater 
number of seeds plant'^  in the SB-C rotation. Several researchers (Brandau and 
Below, 1992; Czyzewicz and Below, 1992; and Below et al., 1991) indicated that 
seed mass was generally not influenced by rate or form of N. 
Use of NI influenced seed mass of corn grown in rotation (Fig.27). Similar to 
rate of N, greater seed mass occurred in the C-C rotation compared to the SB-C 
rotation. The addition of NI produced seeds with greater mass at each rate of NI. 
This may suggest that an enhanced soil NH4-N source may be important for 
increasing seed mass of corn grown in C-C rotation. 
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Figure 26. Effect of previous crop and rate of N as UAN on the seed mass 
of corn in 1990 on the Burkey farm near Boone, lA. Error bars 
represent the standard error of mean 
147 
-1  
^ 0 L NI ho 
^ 0.6 L NI ho ^ 
2.4 L NI ho 
/ 
T 1— 1 
SB-C C-C 
Crop Sequence 
/ 
/ 
Figure 27. Effect of previous crop and rate of NI on the seed mass of corn 
in 1990 on the Burkey farm. Error bars represent the standard 
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The effect of stage of treatment and rate of NI is presented in Figure 28 for 
1990. Application at V4 with 0.6 L NI ha"^ produced seeds with greater mass. The 
same rate of NI applied at V8 had reduced seed mass, suggesting that the V8 
stage of application may be too late for an optimum response (Fig. 28). 
Grain yield 
The single factors previous crop, and rate of N were significant (P<0.01) in 
1990 (Table 58). Additionally, the C x U, C x S x U, and C x NI interactions were 
significant (P<0.01). In 1991, treatment did not influence grain yield of corn 
(Table 59). 
Table 58 shows that SB-C rotation produced 14.7% more grain yield than the 
C-C rotation. The difference represents the rotation effect described by several 
researchers (Crookston et al., 1988, 1991; Crookston and Kurle, 1989; Shrader 
and Voss, 1980; Voss and Shrader, 1984; and Sutherland et al., 1961). 
The significant C x U interaction indicated that yield of corn was greatest when 
in SB-C rotation at each rate of N (Fig. 29). The greater seed mass shown in 
Figure 26 for the C-C rotation was not reflected in grain yield of corn. This may 
indicate that seeds plant'^  was an important factor in determining final grain yield. 
A similar response occurred for the C x NI interaction in 1990 (Fig. 30). The 
addition of NI did not readily influence grain yield for SB-C, but seemed to increase 
grain yield in C-C rotation. Improved grain yield in a C-C rotation with the addition 
of NI may be the result of greater seeds plant'^  since seed mass tended to 
decrease with increased rate of NI in the C-C rotation (Fig. 27). 
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Figure 29. Effect of previous crop and rate of N as UAN on grain yield of 
corn in 1990 on the Burkey farm near Boone, lA. Error bars 
represent the standard error of mean 
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SUMMARY AND CONCLUSIONS 
Field experiments were conducted in 1990,1991, and 1992 using various rates 
of N, rates of nitrapyrin, vegetative stages of application, and levels of soil K fertility. 
Experiment I utilized levels of K fertility, stages of application, rates of N, and rates 
of nitrapyrin on land that was either in corn or soybean the previous year. 
Experiment ll-A and ll-B employed stages of application, rates of N, and rates of 
nitrapyrin on a previous crop of either corn or soybean. Experiment III utilized 
different hybrids that received similar treatments to those in Experiment ll-A and II-
B. 
In Experiments I, ll-A, and ll-B, grain moisture was not influenced by stage of 
treatment, rate of N, or rate of nitrapyrin. Trends indicated that low K fertility 
reduced grain moisture at harvest; however, benefits of lower grain moisture were 
eliminated by reductions in grain yield with low K fertility. In Experiment III grain 
moisture was lowered by earlier application of N and with the highest rate of point 
injected N. Additionally, early maturing hybrids had lower grain moisture than late 
maturing hybrid at han/est. 
Variation among yield components caused variation in grain yield of corn in 
Experiments I, ll-A, and ll-B. In Experiment I grain yield was reduced for low K 
fertility which was due to reduced seed mass and seeds plant'^ . Generally, yield 
was reduced by seed mass when in SB-C rotation, whereas in C-C rotation grain 
yield was reduced by lower seed mass and fewer seed plant'\ Results from 
Experiment ll-A suggested that the yield difference attributed to the rotation effect 
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may have been due to reduced seeds plant"  ^ when corn was grown in a 
monoculture. 
Lack of response to additional point injected N in Experiment ll-B was likely 
due to the hybrid used. Hybrid P3417 was considered a mid-season hybrid which 
tends to take up most of the needed N during early vegetative development. 
Classification of P3417 into this category may suggest that yield increases may be 
achieved by increasing the plant population and not by application of additional N. 
Similar responses occurred in 1991 when P3615 and P3503 were used in 
Experiment III. In Experiment III there was no yield response to additional N or 
addition of nitrapyrin, suggesting that yield of these hybrids may be increased by 
planting at a greater density. 
Increased rate of N and nitrapyrin tended to increase seeds plant'^  and seed 
mass which contributed to greater grain yield of corn. Application of the UAN and 
nitrapyrin solution up to stage V6 benefits grain yield by a positive influence on the 
number of seed plant"\ Generally, treatment at V8 was too late to benefit grain 
yield of corn. 
Use of nitrapyrin produced an enhanced soil NH4-N supply up to 8-wk post 
application in Experiments I and ll-A. Increased NH4-N supply and a higher N-ratio 
throughout the sampling period indicated nitrapyrin was actively inhibiting the 
effects of nitrification. Additionally, reduced concentrations of NO3-N in the 
sampling zone suggested that nitrapyrin reduced the contribution of nitrified NH4-N 
to the NO3-N pool. 
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Generally, the lack of a significant yield response to an enhanced NH4-N 
supply may have been the result of prevailing precipitation patterns in 1991 and 
1992. This may have caused the point injected N to be positionally unavailable to 
the developing root system of the corn crop. Although the N concentration in the 
sample zone was high in comparison to the 0 N treatment, it only influenced a 
small portion of the total root system of the corn crop. Dry soil conditions that 
occurred after many of the treatments were applied may have reduced the mobility 
of the applied N and its potential movement Into the rooting zone. Conversely, dry 
soil conditions in 1992 during the early growing season may have caused deep 
rooting of the corn crop which caused a lack of response due to positional 
unavailability. The combination of the position of the point injected N and the small 
proportion of the root system influenced by the point injected N was likely the 
cause of the insignificant response to additional N. 
The level of K fertility influenced percentage stalk lodging and barrenness. 
Stalk lodging tended to be greatest with low K fertility for both SB-C in 1991 and 
C-C rotation in 1991 and 1992. In 1992, barrenness was greater with low K fertility. 
Later stages of treatment also tended to increase stalk lodging, but generally had 
no influence on percent barrenness. Rate of N and rate of nitrapyrin did not affect 
percent lodging or barrenness in Experiments I and ll-A. 
Comparisons among previous crops indicated that the rotation effect may be 
due to the number of seeds plant"\ In 1992, corn grown in SB-C rotation had 
more seeds planf^  than corn grown In C-C rotation. This response may have 
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been due to a greater supply of soil NH4-N from mineralized N from soybean 
residue during kernel differentiation. This response was not evident In 1991 since 
the rotation effect was nonexistent in the data. In 1991 the lack of rotation effect 
may have been the result of an enhanced NH^-N supply which alleviated the effect. 
However in 1992, the data suggested that an enhanced NH4-N did not overcome 
the positive effects of legume rotation. 
From the above information, it may be concluded that: 
1) Grain yield of corn was reduced under conditions of low K fertility 
caused by a reduction in seed mass for SB C and both seed mass 
and seeds plant'"" for C-C. 
2) Yield reductions caused by low K fertility could not be overcome by 
providing additional N or maintaining an enhanced soil NH4-N supply. 
3) The yield reduction caused by C-C rotation compared to SB C 
rotation may be the result of reduced seeds plant'\ The 
maintenance of an enhanced NH4-N supply did not overcome the 
rotation effect of monoculture. The effect of mixed N nutrition on yield 
components of corn grown in SB-C and C-C rotation needs further 
investigation. 
4) The application of additional N should be accomplished before 
vegetative stage V8 to obtain maximum benefit from N. Generally, 
90 kg N ha"  ^ additional N produced greater grain yields than 
45 kg N ha"  ^ at each stage of application. 
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5) Use of nitrapyrin provided an enhanced supply of soil NH4-N by 
delaying nitrification of NH4-N up to 8-wk post application; however, 
positional unavailability may have limited the yield response to the 
enhanced NH4-N supply. Intermittent rainfall events ultimately affects 
the availability of point injected N. 
6) Low K fertility caused increased stalk lodging and barrenness when 
compared to high K fertility. Further, addition of point injected N did 
not seem to provide the N:K ratio needed to reduce stalk lodging or 
barrenness. 
7) Early maturing hybrid showed little response to addition of point 
injected (JAN. The lack of response was likely due to the N uptake 
patterns of early maturing hybrids. Generally, increased yield of early 
maturing hybrids is not due to additional N, but by increasing plant 
density. 
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Figure A1. Normal and mean monthly precipitation for the 1991 and 1992 
growing seasons near Boone, lA. 
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Figure A2. Normal and monthly mean temperatures for the 1991 and 1992 
growing seasons near Boone, lA. 
